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NOTICES 


Disclaimers 

The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig- 
nated by  other  authorized  documents. 

The  citation  of  trade  names  and  names  of  manufacturers  in 
this  report  is  not  to  be  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


Disposition 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not 
return  it  to  the  origintator. 
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DliSlG.N  (;UIl)l',l,IN'i:S  l-OR  llYRRin  MICROGIRCll  I TS 


INTRO  DUCT  ION' 

This  document  delineates  guidelines  Tor  the  design  oT  Indiriil 
microcircuits.  Its  content  is  primarily  intended  to  serve  as 
groundrules  to  he  followed  by  the  hybrid  layout  designer  in 
the  design  of  hybrid  microcircuits.  However,  there  is  no 
intension  to  teach  layout  design  as  such.  The  presumption  is 
made  that  the  reader  can  interpret  electrical  schematics  and 
is  already  competent  in  printed  circuit  board  or  othei'  tvpes  of 
layout  design. 

The  text  of  this  document  is  divided  into  categories  of  design 
considerations.  The  Table  of  Contents  indicates  those  categories 
and  subdivisions  within  each. 

A large  portion  of  this  document  describes  manufacturing  tech- 
nology in  a generalized  fashion.  This  general  information  is 
included  in  the  belief  that  the  layout  designer  is  better  able 
to  evaluate  his  own  design  when  he  is  aware  of  tlie  fundamental 
processes  employed  in  manufacturing. 

Only  in  a minority  of  instances  can  a design  s i mu  1 1 aneou s 1 v 
meet  all  of  the  ideal  groundrules.  i'radeoffs  must  typicallx’ 
be  considered  between  various  groundrules.  It  is  in  the  area 
of  design  tradeoffs  that  the  knowledge  of  processes  serves  tlie 
designer  well  in  enabling  him  to  set  priorities  on  tlie  ground- 
rules. 

Another  intent  of  this  document  is  to  provide  information  to 
help  in  the  decision  ol  whether  or  not, to  use  hybrids. 


L 


I 


SHCTION  1 CIRCUIT  liVAI.UAT  I ON  AND  I’ART  ! T I O.M  NC 


All  major  categories  of  electronics  have  employed  hvhrid 
packaging.  High  speed  analog  and  digital  circuits  as  well  as 
microwave  modules  can  be  "hybridized’’.  Besides  tlie  obvious 
reductions  in  size  and  weight  which  hybrid  technology  can 
achieve  at  the  component  level,  there  can  also  be  significant 
size,  cost  and  reliability  improvements  on  the  systtan  level. 


It  is  the  intention  ol  tliis  section  to  provide  information  to  ■ 
aid  the  packaging  engineer  in  making  the  decision  of  whether  oi'  | 
not  to  utilize  liybrids;  and  how  to  approximate  hybrid  package  ^ 
sizes.  I 

\ 


1.1  h.XAMPI.HS  OF  HYBRID  PACKACFS 

The  following  are  examples  of  hybrid  packages  for  analog,  digital, 
and  microwave  circuits. 


I 

i 
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(Cont.)  ANAl.m 


CIRCUITS 


Unit  monitors  gyro  wheel  power  and  rundown  time 


Package  si:c  1.1  x 1.1  in.  (27.9  x 27.9  mini  gold 
plated  kovar.  Multilayer  thic.v  film  sub.strate 
has  three  conductive  layers.  M i n i - suh s t ra t e is 
p re assemb 1 cd  and  pretested  prior  to  being  installed 
onto  mother  substrate. 


■ 
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i gu  re  1 . 1 . 1 - 1 


C>YRO-\VMPd:i.  POWIiR  MONITOR 


1.1.1  (Cont.)  ANALOG  CIRCUITS 


Unit  responds  to  external  temperature  sensor. 
Internal  transistors  act  as  heaters  to  control 
temperature  of  mounting  surface  within  :!:.0lOC. 

Package  is  0.5  x 1.75  in.  (12.7  x 19.0  mm) 
berylia.  Thick  film  multilayer  substrate  docs 
not  completely  fill  package.  Several  transistor 
and  resistor  chips  are  mounted  directly  onto  base 
of  package. 


Figure  1 . 1 . 1 . - 2 


TE  M P E R ATU  R li  C ON  1'  R 0 1 . 1,1 ! R 
AND  llE.VrER 


1 - .5 


Two  identical  inhibit  driver  circuits  in  one 
package.  Resistor  tolerances  ill  1 u . Two 
resistors  matched  within  0.1".  I'our  resistors 
dynamically  trimmed  to  adjust  offset  voltage. 


Package  size  is  1.0  x 1.0  in.  (2.S.1  x 25.4  min') 
gold  plated  kovar.  Thin  film  substrate  with 
resistors  integral  to  substrate.  Later  version 
converted  to  single  laver  tiiick  film  sulistrate. 


miAL  INHIBIT  PRl'.T.R 


(Cont.)  ANALOC 


Cl  Rams 


Package  is  twelve  pin  TO-8  header.  Metal 
hermetically  seals  onto  rim  of  headei'. 


FIGURi:  1.1.  1-1  VOl.TACi;  Rl-CIII.MOI 


1.1.2  DIGITAl,  Cl  Reim  s 


Unit  L'onvc'rts  scrinl  digital  data  into  natal  lol 
RCn  and  displays  onto  IdiU's.  tlontrol  I'unotions 

1 nc  1 tided  . 

P.C.  Board  size  is  0.9  x 7 .?>  in.  (17.S.3  x ISS.l  mm). 
M i c roe  i reu  i t package  is  1.0  x t.O  in.  (2.S.I  x 

2 S . J mm ) gold  pi  a ted  k o v a r . 


I'IClIRIi  1.1.2  I Sr.NSOR  l.OC  (I'.C.  BRi:AI'B(V\un 

AND  1-INAI,  MI  CROCl  RCIH  T rACRXiU  ) 
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(Cont.)  DIGITAL  CIRCUITS 


Enlarged  view  of  microcircuit  from  Figure 

1.1. 2-1. 

Package  i 1 x 1 in.  ( 2 .S . 4 x 2.S.4  mml  gold 
plated  kovar.  Thick  film  substrate  with 
three  layers  of  interconnecting  tracks  in 
central  portion  only.  Single  layer  in  the 
areas  where  the  resistors  arc  screened  on. 
Resistors  tolerances  are  IS".  No  multilayer 
unde  r the  1 . C . chi  ps . 

Figure  1.1. 2-2  SENSOR  LOG  ( M I CROC  I RCU I T1 


(Cent.)  DK’iITAl.  CIRCUITS 


Size  is  staiulard  24  load  dual -in- lino  jiaokago. 
Unit  consists  of  two  I’RO'I  chips  on  a tliick  film 
multilayer  substrate  with  leads  so  1 de r- a 1 1 ached 
over  the  edges  of  the  substrate.  I'ackage  sliown 
with  plastic  cover  removed.  hater  version  of 
same  unit  has  PROM's  individually  prepackaged 
in  hermetically  sealed  carrier  jiackages  in  order 
to  facilitate  testing  and  programming  pi'ior  to 
the  carriers  being  mounted  onto  the  mother  sub 
strate.  No  cover  required  in  the  later  \ersion 


I-  i gu  re  1 . 1 


AhPIIA  NlOIhRIC  niSI’I.AV  nRi\i;f 


(Cent.)  1)1  GITA  I.  CIRCUITS 


I ’ 1 1 ’ 1 I 1 1 1 I I 


sa  a 


U H EfD 


. i i.  * 4 4 Li  4 i i L Li.  L i.  i I L 


Unit  outputs  a jiroscriboJ  pulse  at  a pre- 
pro;^  rammed  time. 

Paekajte  is  1.0  x 1 . !i  in.  (dS.l  x 3S.1  mini 
gold  plated  kovar.  Substrate  is  a multi- 
1 a ye  i-  t li  i e k f i 1 m k i t b t wo  1 a \-e  i-  s to  r i n t e r 
oonneeting  tracks  and  one  eacb  gi'ouiul  and 
voltage  planes.  l-oi-  easii'r  wiring,  onl\- 
wire  bond  ]iads  are  on  top  la\er. 


l■i)Ul|•e  l.I.J  1 rROGRAMMAHbt,  i'Ul.SH  CrA’l-RATOI 


1.1.2  (Cont.) 


nU'.lTAI.  CIRCUITS 


Tack.'igc  sire  1.0  x 1.0  in.  [JS.l  x J.'^.l  mini 
gold  plated  kovar  with  fifteen  leads  on  each 
of  four  sides.  Substrate  is  thin  film  with 
2 . .S  mil  i nte  reonnee  t i ng  tracks  and  spao's. 


figure  1.1.  2-S  I.M.ll.  CO.MMUX  1 CAT  I ON'S  TOC  1C 
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1.1.3  MicRowAvi;  ciRcurr 


Package  i 1.8  x 2.2  in.  (4.3.7  x 35.9  mini 
plated  aluminum  with  connect  or. s .sealed 
into  .side  wa  1 1 .s  . Thin  film  substrate  lias 
couplers  built  into  conductive  ]iattern. 

Pin  diodes  are  mounted  into  p 1 ated - th rough 
holes  in  the  substrate.  M i n i - subs t ra t e is 
preassemhled  and  pretested  prioi'  to  being 
installed  onto  mother  substrate. 


igure 


yMITOMATlC  Id'.VP.l,  COM'ROl.l.l'.R 
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1.2  CIRCUIT  PARTITIONINC. 

In  partitioning  a complex  circuit  or  system,  one  key  considei’ 
ation  is  that  each  portion  should  be  a functional  entity.  If 
each  "block"  of  a complex  system  is  an  integral  function,  it 
not  only  can  be  replaced  as  a unit  but  can  also  be  tested  prior 
to  being  installed  into  the  system.  This  philosophy  should  be 
incorporated  into  the  design  of  a hybrid  module. 

Another  obvious  consideration  when  partitioning  a complex 
circuit,  is  how  much  can  be  put  into  one  assembled  package. 
Unfortunately  there  is  no  known  quantitative  ground  rule  tliat 
accounts  for  all  the  variables  influencing  the  size  of  a hybrid 
circuit.  The  quantitative  rules  given  in  the  section  called 
"Packaging  Uensity"  allow  for  the  quantity  and  size  of  the 
components  but  do  not  address  themselves  to  the  recpi  i rement s 
for  complex  interconnections.  Personal  judgement  must  be 
applied  when  estimating  the  area  or  number  of  layers  needed 
to  accommodate  interconnecting  tracks.  hxamples  are  provided 
for  comparisons  of  circuits  to  their  completed  hybrid 
designs. 

1.2.1  Level  of  Assembly 

The  most  common  assembly  level  build-up,  using  hybrid  micro 
circuits,  proceeds  from  the  m i c ro  - component  s within  the  liylirid 
package;  to  several  hybrids,  along  with  discrete  components, 
mounted  onto  a P.C.  board;  to  several  boards  being  mounted  into 
a chassis. 
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1.2.1  (Cont.)  Level  of  Assembly 

In  order  to  provide  for  quick  reference  in  the  following  text, 
the  assembly  levels  mentioned  above  are  assigned  arbitrary 
designations  as  follows: 


Assembly  level  1 


The  individual  component,  whetlier  a 
micro-component  or  a discrete  component 


Assembly  level  11 


The  hybrid  module.  In  this  context, 
when  hybrids  are  not  used  there  is 
no  1 eve  1 II. 


Assembly  level  111 


The  P.C.  board  containing  discrete 
components  and/or  hybrid  modules. 


Assembly  level  IV 


The  next  assembly  level  higher  than 
the  P.C.  board,  usually  a mechanical 
hous i ng . 


1.2.2  ITmctional  Complexity 

A word  of  caution  is  in  order  pertaining  to  the  degree  of 
functional  complexity  to  be  incorporated  into  a single  hybrid. 
It  is  often  tempting  to  use  the  largest  size  package  available 
and  thereby  incorporate  into  one  package  what  might  otherwise 
have  required  more  than  one.  There  can  be  a point  of  diminish- 
ing returns  if  this  idea  is  carried  too  far. 


The  yields  that  can  be  realized  in  the  substrate  fabrication 
processes  are  often  affected  by  the  size  of  the  substrate.  Many 
of  the  processes  work  best  on  flat  surfaces.  As  the  size 
increases,  tne  total  effect  of  curvature  is  greater. 
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\.2.Z  (Cont.) 


Functional  Complexity 


Very  s ijjn  i f icant , in  the  trade-offs  to  he  considered,  is  tlie 
ability  to  functionally  test  the  completed  hybrid.  It  has 
been  demonstrated  that  incorporating  overly  complex  functions 
into  one  unit  has  caused  greater  complexity  in  the  testing 
equipment  and  procedures.  Fault  isolation  is  more  difficult 
when  greater  complexity  is  encountered.  As  a generalization 
analog  circuits  (especially  high  frequency  circuits]  require 
more  careful  scrutiny  in  this  regard  than  do  digital  ones. 

Recycling  a hybrid  to  remove  and  replace  one  defective  com- 
ponent subjects  the  entire  unit  to  the  risk  of  damage. 

Fxcessive  crowding  of  components  inside  the  hybrid,  greatly 
increases  the  risk. 

Since  each  design  is  unique  there  is  no  precise  quantitative 
ground  rule  that  can  establish  optimum  trade-offs  between 
complexity  and  yields.  The  one  rule  to  be  respected  is  that 
the  question  of  over  complexity  should  not  be  ignored.  Klec- 
trical  performance,  manufacturing  processes,  testing  and  rework- 
ing can  all  be  adversely  affected  when  too  many  or  too  complex 
requirements  are  imposed  on  one  unit.  Expertise  in  those 
categories  should  be  applied  when  the  partitioning  decisions 
are  being  made. 
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1.3  WEIGHT  AND  VOl.UMH 

The  use  of  Level  11  packaging  (hybrid  microcircuits)  reduces 
weight  and  volume  not  only  by  comparison  to  the  identical 
circuits  being  packaged  with  discrete  components,  but  also  at 
the  higher  assembly  levels  (Levels  III  and  IV). 

The  higher  densities  achieved  at  Level  II  reduce  the  number  of 
Level  III  PC  boards,  and  the  number  of  Level  IV  connectors, 
interconnecting  wires,  and  associated  mounting  hardware.  The 
following  case  makes  the  point.  A radar  antenna  controller 
system  using  all  discrete  components  required  eleven  PC  boards 
with  components  mounted  on  both  sides  of  each  board.  The  same 
system  utilizing  hybrids,  along  with  a few'  discretes, 
required  only  seven  boards  with  components  on  only  one  side 
of  each  board.  The  first  eleven  boards  weighed  11  lbs.  (4.9  kg). 
The  seven  boards  utilizing  hybrids  weighed  4.6  lbs.  (2.1 
kg).  After  ''hybridizing'',  the  system  housing  was  able  to 
accommodate  two  additional  subassemblies  (which  would  otherwise 
have  occupied  additional  volume  and  would  have  required  additional 
mounting  provisions). 

The  following  is  a specific  example  of  the  weight  of  a hybrid 
module . 

A hybrid  module  consisting  of  several  IC  chips,  capacitors, 
transistor  and  diode  chips,  and  a multilayer  ceramic  substrate 
all  within  a 1.0  x 1.0  x .150  in.  high  (25.4  x 25.4  x 3.81  mm) 
kovar  package  having  30  leads  and  sealed  with  a kovar  cover 
weighed  .264  oz.  (7.5  g) . The  kovar  package  and  cover  alone 
weighed  .215  oz.  (6.1  g) , which  means  that  the  electronics  and 
substrate  weighed  only  .049  oz.  (1.4  g).  A ceramic  package  1.0 
X 1.0  in.  ( 25.4  x 25.4  mm)  with  30  leads  and  a kovar  cover  weiglis 
.176  oz  (5.0  g).  If  the  ceramic  nackage  were  substituted  for  tlic 
kovar  package,  the  total  module  weight  would  be  225  oz.  (6.4  g). 
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Ihe  electrical  characteristics  presented  in  this  section  are 
generalizations.  It  should  be  recognized  that  materials  from 
different  manufacturers  will  have  uniejue  properties  and  that 
changes  in  substrate  fabrication  processes  can  vary  the  material 
propert ies . 


1.4  (Cont.)  ELHCTRICAL  CIIARACTF.RISTICS  OF  THIN  AND  TIIIOK 
FILM  MATF RIALS 

The  two  common  thin  film  resistor  materials  are  nichrome  and 
tantalum  nitride.  The  common  characteristics  for  resistors  of 
these  materials  are 


CllARACTFRISTIC 

NICIIROM!' 

TANTALUM 

NITRIDF 

Resistivity  fl/o 

25  - 250 

100  (>0n 

Processing  Accuracy  («1 

1 10 

4 111 

Trimming  Accuracy: 

Automatic  Laser  (°) 

4.0  1 

*.01 

Manual  Laser  (&) 

t 1 

" 1 

lemperature  Coefficient  of 
Resistance  (PPM/°C1 

V| 

_1(M. 

Stabi''  : (1  A R) 

.014' 

. 00  5 ' ' 

Several  conductive  materials  are  available  for  thick  film  sub- 
strates. Gold  paste  is  the  one  most  commonly  used  for 
military  applications,  but  other  frequently  used  pastes  are 
palladium  gold,  palladium  silver,  platinum  gold  and  platinum 
silver. 

The  values  shown  presume  that  the  processing  steps  meet  the 
paste  manufacturer's  recommendations.  Deviations  from  those 
recommendations  produce  various  effects,  some  of  which  arc 
mentioned  in  Section  6.2 

Conductive  materials,  when  used  in  the  common  10 -mil  wide 
conductor  tracks,  have  properties  in  the  following  ranges. 

Lower  values  can  be  achieved  with  glaze  over  resistors. 
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1.4  (Cont.)  EI.i:CTRlCAL  CHARACTF.R  1 ST  1 CS  01-'  THIN'  AND  THICK 
FTI.M  MATERIALS 

Thick  film  resistor  materials  hav'^e  a wide  variety  of  resistivi- 
ties and  other  properties.  High  resistivity  pastes  usually 
exhibit  different  characteristics  from  the  lower  value  pastes. 
The  following  information  is  a compilation  of  the  character- 
istics to  he  expected  from  thick  film  resistor  pastes. 


CHARACTERISTIC 

VALUE 

Processing  Accuracy  (-o). 

20  to  30 

Trimming  Accuracy:  (°o) 

Laser 

T 0.1 

Abrasive 

t S 

Temperature  Coefficient  of 
Resistance  (PPM/°C) 

L 1 

SO  to  700 

Stability:  ( ® A R) 

A2 

as  low  as  0.1 

Quan-Tech  Noise:  fdB) 

Z.3 

- 30  to  0 

^ Some  materials  have  a negative  TCR  in  the  low  temnerature 
range  and  a positive  TCR  in  the  higher  temperature  range. 

^ Varies  significantly  with  paste  composition;  also  varies 
with  resistor  size  and  shape. 

Varies  with  resistor  size,  shape  and  sheet  res  i s t i \- i t y . 
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1.5  RELIABILITY 


An  evaluation  of  hybrid  reliability  should  lie  directed  toward 
all  the  assembly  levels,  from  individual  components  to  the  com- 
plete system.  Considered  as  an  individual  component,  a semi- 
conductor device  intended  for  use  in  a hybrid  may  he  rated  less 
reliable  than  that  same  component  prepackaged  for  use  on  a PC 
hoard;  a hybrid  module  compared  to  an  equivalent  PC  board  assembly, 
may  have  a reliability  rating  less  than  the  P('  hoard;  yet  the 
system  rating  might  he  better  with  the  same  hybrids  rather  than 
without  them. 

The  standard  procedures  for  calculating  failure  rates  are  spelled 
out  in  MI  L-llDBK- 2 1 7 ; revision  B of  Sept.  1 974  , updated  in  Sept. 
1976.  The  handbook  dictates  not  only  calculating  procedures 
and  generic  failure  rates  for  various  types  of  components  and 
connections,  but  also  allowances  to  be  made  if  individual 
component  is  pretested  ("stressed")  before  being  installed  into 
an  assembly. 

In  protesting,  a prepackaged  semiconductor  typically  has  an 
advantage  over  a "naked"  (unpackaged)  one.  A semiconductor 
installed  and  wired  in  its  own  package  can  be  subjected  to  environ- 
mental stresses  and  electrical  tests  that  are,  at  best,  difficult 
to  achieve  with  naked  chips.  In  an  air  atmosphere,  prolonged 
exposure  to  elevated  temperatures  sometimes  has  deleterious 
effects  on  a naked  chip.  Probes  must  he  used  to  make  electrical 
contact  to  a naked  chip,  yet  the  electrical  resistance  at  t!ie 
interface  of  a probe  and  a terminal  pad  is  often  too  liigh  to 
permit  sensitive  electrical  measurements.  Probing  can  also 
scratch  the  chip  metallization.  For  these  and  other  reasons, 
environmental  and  analog  pretesting  is  seldom  performed  on  naked 
chips.  Ihey  typically  are  onlv  DC  tested  bv  tlieir  manufacturer. 
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1.5  (Cont.)  RELIABILITY 


Chips  that  receive  this  minimal  amount  of  preasscmbly  testing  arc 
rated  less  reliable  by  MIL-HDBK- 217B . 

Because  the  components  within  a hybrid  are  in  much  closer  proxi- 
mity, the  thermal  density  is  higher  than  it  would  be  if  the 
eqviivalent  circuit  were  on  a PC  board.  Because  the  density  is 
greater,  hybrid  components  will  experience  higher  operating 
temperatures  than  on  an  equivalent  PC  board.  Higher  operating 
temperatures  considerably  lessen  the  reliability  of  any 
electrical  device. 

Some  important  ways  that  hybrids  improve  reliability  is  that 
they  can  withstand  very  high  mechanical  stresses  and  they 
reduce  the  number  of  connections  between  different  materials. 
(Each  such  connection  is  a potential  failure  point. 1 

Hybrids  can  typically  withstand  high  mechanical  stresses,  because 
the  weight  of  the  materials  and  components  is  so  small  that  even 
when  their  weights  are  multiplied  by  large  g loads,  the  resultant 
forces  do  not  exceed  the  strengths  of  the  materials. 


A (juarter-watt  film  resistor  on  a substrate  has  only  a small 
fraction  of  the  weight  of  an  equivalent  discrete  resistor;  and 
the  film  resistor  is  bonded  to  the  substrate  over  its  entire 
surface,  while  for  the  discrete  resistor,  attached  only  by  its 
leads,  any  forces  applied  create  stresses  in  the  leads. 

Naked  semiconductors  attached  to  the  substrate  do  not  have  tlie 
weight  of  a discrete  package;  and  a discrete  package  would  also 
cause  all  the  stress  to  be  concentrated  in  the  attachment  leads. 
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l.S  (Cont.)  Rr.l.lARTUTY 


One  other  significant  way  that  hybrids  improve  reliability  is 
that  they  eliminate  many  electrical  connections.  Consider  tlic 
comparisons  shown  in  Figure  1.5-1  of  a PC  board  converted  into  a 
hybrid.  .Not  only  are  there  fewer  bonds  in  the  hybrid,  but  the 
type,5)bond  on  the  hybrid  is  highly  reliable. 

This  reduction  of  connections  also  happens  at  the  system  level. 
Because  the  hybrid  packaging  is  so  much  denser  than  the  disci'ete, 
fewer  PC  boards  are  required.  fewer  boards  means  fewer  connectors. 
Fewer  connectors  means  fewer  interfaces  between  board  and 
connector,  as  well  as  fewer  interconnections  between  connectors 
and  the  rest  of  the  system. 

Included  are  the  results  of  a mathematical  evaluation  of 
the  reliability  of  an  airborne  digital  system.  This  evaluation 
was  done  prior  to  the  beginning  of  the  packaging  design.  It 
presents  a one-to-one  comparison  between  the  potential  packaging 
only  with  discrete  components  and  packaging  witli  a conbination 
of  discretes  and  hybrids. 


Connections:  Four  tvpe  1,  one  type  2,  six  tvpe  , two  tvpc  1. 

Total  = thirteen  connections 


Connections:  Six  type  1,  one  type  2,  two  type  F . 

Total  = nine  connections 


Figure  l.S-1  COMPARISON'S  OF  IIYRRI!)  AND  DISCR'  IT  COMPONF.NI 
CONNFCTIONS 
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RF'.l.lAB  ILITY 


Resii  1 ts  of  Reliability  l-valuation 

The  discrete  case  failure  rate  was  88  x 10^  hours,  whereas  the 
hybrid  case  was  101  x 10^  hours.  Considering  the  accuracy  of  the 
predictive  method,  the  two  implementations  are  essentially  equal. 

The  analysis  was  performed  in  accordance  with  Ml  L-liDBK  - 21  7H , 
Section  3.0  assuming  an  airborne  inhabited  environment,  and 
part  quality  factors  as  shown.  The  hybrid  circuit  failure  rate 
was  determined  from  data  supplied  by  the  Hybrid  engineering 
Supervisor  and  the  model  of  MIL-HDBK- 21 7B , Section  2.1.7.  The 
thermal  analysis  showed  that  the  IC  die  in  the  hybrid  will  be 
12.4°C  hotter  than  the  discrete  die.  This  thermal  difference 
is  reflected  in  the  failure  rates. 

DISCRETE  PARTS 


IC's:  TT  = 2.5,  MIL-STD- 

883  Method  5004 

t;  1 a s s B 

QTY 

PART  TYPE 

GENERIC  FR 

PART  TYPE 

100 

Bipolar  IC's  ( 1-20  Gates) 

. 227 

22.7 

50 

Bipolar  IC's  (21-50  Gates) 

.4 

20 

50 

Bipolar  IC's  (51-100  Gates) 

.575 

28.75 

100 

Resistors  (RCR S) 

.000048 

. 0048 

40 

Capacitors  ( 39003- -P) 

. 033 

1.32 

10 

PCB  - Multilayer 

. 90 

9.0 

10 

(ionnectors  IMatcd  Pair) 

.51 

5.1 

4 280 

Solder  Connections 

. 00044 

1_^883  2 

TOTAL  FAILURE  RATE  (DISCRETE  CASE) 

88.8  \ 1 
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RHI.l  ABILITY 


1 . S 


HYBRID  CIRCUITRY 


(jlY  PART  TYPE 

12  Hybrid  Circuits 

12  Capacitors  (!S9003 P) 

3 PCB  - Multilayer 
3 Connectors  (Mated  Pair) 

924  Solder  Connections 

TOTAL  FAILURE  RATE  (HYBRID 


GENERIC  FR 

PART  type: 

8 

96 

.033 

.79  2 

.90 

2.7 

. 51 

1 . 53 

. 00044 

.4170 

CASE)  101.4  X 10 


The  evaluation  did  not  include  calculations  of  the  number  of 
connections  at  the  system  level,  because  the  design  of  the  intra- 
system  wiring  was  not  finalized  at  that  time.  However,  it  was 
estimated  that  the  reduction  of  intrasystem  connections  would 
still  make  the  two  packaging  methods  close  to  equal  in  reli- 
ability. The  decision  was  made  to  use  hybrids  in  order  to  gain 
the  other  advantages  of  hybrids  with  the  assurance  that  no 
sacrifice  in  reliability  was  being  made. 

In  the  above  evaluation  the  naked  semiconductors  being  assemliled 
into  the  hybrids  were  rated  less  reliable  than  their  counterpart 
discrete  components  because  no  preassembly  environmental  stressing 
was  assumed.  One  costly  method  of  prestressing  that  has  been  done 
in  the  past  consists  of  temporarily  prepackaging  (and  wiring)  t!ie 
semiconductor  chip,  then  stressing  it  before  removing  it  from  its 
temporary  package;  then  reinstalling  it  into  a hybrid.  Figure 
1.5-2  shows  this  temporary  prepackaging  method.  Chips  permanently 
mounted  in  chip  carriers  and  chips  with  either  integral  beam  leads 
or  with  beam  leads  added  (tape  carrier  techniques)  can  provide 
the  capability  of  pretesting  withovit  using  probes  on  the  clii)') 
metallization,  and  without  the  need  for  temporary  prepackaging. 
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1 . 5 (Con  t . ) 


Rl;L  1 ABILITY 


In  comparing  thin  and  thick  film  hybrids,  both  Ti:  and  ultrasotiic 
wire  bonds  on  thin  t ilm  are  considered  more  reliable  than  on  thick 
film.  The  glass  mixed  with  the  thick  film  gold  makes  bond  integ- 
rity more  difficult  to  achieve. 
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rho  foliowiiij^  int'onnation  is  intended  to  give  a rougli  order  of 
magnitude  estimate  of  the  manpower  liours  required  for  hybrid 
f.ibrieation  and  assembly.  Of  course  each  hybrid  manufacturer 
has  a proprietary  pricing  method  based  on  processing  yields, 
equipment  availability,  overhead  costs,  etc.  The  information 
included  liere  is  intended  to  make  distinctions  between  processes 
that  may  require  several  man-liours  versus  others  that  may  recpi  i re 
only  seconds. 

Material  costs  arc  not  discussed  because  of  the  constant  fluctu- 
ations in  prices.  Time  estimates  for  electrical  testing  are 
also  excluded  because  of  the  many  variables.  (fhe  eipiipment 
used  for  electrical  testing  can  make  a great  difference  in  the 
time  required;  also  if  a component  is  faulty,  or  a connection  is 
intermittent,  a great  deal  of  time  may  be  expended  to  isolate 
t he  faul t . ) 

Man-hour  requirements  for  commonly  used  assembly  processes  can 
be  generalized  as  follows: 

Presuming  that  only  one  type  of  die  is  being  installed,  the  il  i e - 
attach  operations  can  usually  be  performed  as  follows; 


Hutcct ic-attach 

to 

i: 

S tl  i c 

per 

liour 

Solder-attach : 

Using  preforms: 

.s.S 

to 

PS 

d i e 

per 

hou  r 

Using  paste: 

.'iO 

to 

80 

d i c 

pcM* 

hou  r 

lipoxy  - at  tach  : 

Using  dispensing  machine 

.SO 

to 

80 

d i e 

jie  r 

hou  r 

Manila  1 appl  icat  ion 

ss 

to 

bS 

d i e 

p e r 

liou  r 

J 


1 . ( t’ont  . ) 


COST 


Wire  hoiidintj  can  usually  ho  performed  at,  the  followint;  rates: 

Thermocompression  Bonding  150  to  250  wires  per  hour 

Ultrasonic  Bonding  400  to  600  wires  per  houi' 


Reminder:  Tach  wire  requires  two  bonds. 

Cover  sealing  can  usually  he  performed  at  the  following  rates  for 
1.00  1.00  in.  (2.54  mml  packages: 


Weld  Sealing: 

50 

to 

70 

package? 

; per 

hour 

So  1 de  r Sea  ling: 

2 0 

to 

4 0 

package? 

; per 

hou  r 

T.poxy  Sealing: 

20 

to 

40 

package? 

; per 

hour 

Cross  Teak 
Test  i ng  (bubb  1 es  ); 

: 2 5 

to 

40 

package? 

; per 

hour 

Fine -Teak  Testing 
(he  1 iuml  : 

6 

to 

12 

packages 

per 

hou  r 

Manually  manipulated  laser  trimming  of  ten  resistors  on  one 
substrate  should  require  15  to  30  minutes  to  trim  to  an  accuracy 
o f 5d.  (Closer  tolerances  require  additional  time.')  If  an 
automatic,  programmable  laser  is  used,  ten  resistors  will 
probably  require  eight  (8)  hours  to  program  the  equipment  and 
check  the  program;  the  trimming  operation  will  require  20  to 
40  seconds  for  handling  each  substrate  and  5 to  10  seconds  for 
the  machine  to  trim  the  ten  resistors  to  an  accuracy  of  t 1°. 
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l.h  (Cont.)  COST 


F^stimates  of  the  labor  required  for  commonly  performed  rework 
operations  are  as  follows: 

Remov'al  of  solder  or  epoxy-sealed  cover: 

Flat  cover  1 to  2 minutes 

Other  shapes  5 to  If  minutes 

Rcmov'al  of  weld-sealed  cov'er: 

Machine  shop  g r i nd i ng : 25  to  40  minutes 

Using  specialized  equipment:  5 to  10  minutes 

Removal  and  replacement  of  a 
eutcc^ ' cal  1 y attached  semiconductor:  5 to  20  minutes 

Removal  and  replacement  of  a 
solder  or  epoxy  attached  component:  5 to  20  minutes 

Approx imat i ons  of  man-hour  requirements  to  environmentally  and 
mechanically  test  one  hundred  parts  are  as  follows: 

Quantity  Tested  Man-Hours 

Tes  t Tqu  ipment  Simul  tan  eons  1 y ( 1 f)  0 p a r t s 1 


High  Temp.  Storage 

Oven 

100 

4 

to 

s 

Temp  Cycling 

Temp.  Chamber 
(Hot  § Cold) 

1 0 0 

4 

t 0 

S 

Thermal  Shock 

Liquid  Bath 

20 

0 

to 

10 

Facility 

Burn-In  (operating) 

Oven  with  rack 

100 

1 

to 

2 

for  parts 

Moisture  Resistance 

Humidity  Chamber 

100 

4 

to 

8 

Salt  Atmosphere 

Salt  Fog  Chamber 

1 0 0 

4 

t o 

8 

Constant  Acceleration 

Cent  r i fuge 

20 

1 

to 

7 

Mechanical  Shock 

Shock  Tower 

24 

1 2 

t 0 

lb 

Va  r i ab  I c Ft  eq  . V i b ration  El  cc  t ro  Jvnarn  ic 

^ ft 

24 

lb 

t 0 

24 

Shaker  System 

i'ota  1 

5 2 

t o 

8 b 
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l.b  (Cont.)  COST 


Kor  many  of  the  environmental  tests,  the  paperwork  (lopginp  Jata, 
checking  serial  numbers,  etc.)  and  the  handling  of  the  parts 
constitutes  a large  portion  of  the  time  required.  Specific 
man-hovir  requirements  for  these  tests  are  also  dependent  upon 
the  particular  test  conditions  being  specified.  It  should  also 
be  noted  that  if  electrical  tests  are  to  be  performed  following 
certain  environmental  tests,  this  would  be  a significant  cost 
factor.  Considering  the  potential  total  man-hours,  it  is  not 
unusual  for  the  cost  of  testing  to  exceed  the  costs  for  manii 
factoring . 

l.b.l  Thin  Film  Substrate  Fabrication  Costs 

One  common  method  of  fabricating  thin  film  substrates  is  to 
produce  multiple  images  on  a 2.00  x 2.00  in.  (50.8  mm)  ceramic. 

■fhe  number  of  individual  substrates  that  can  be  obtained  from 
each  oversized  ceramic  is  obviously  determined  by  the  size  of  the 
individual  image. 

Fifty  2.00  X 2.00  in.  ceramics,  containing  both  conductors  and 
resistors  can  be  fabricated  in  6 to  10  man-hours.  This  estimate 
does  not  include  resistor  trimming.  Fifty  sucii  ceramics  con- 
taining only  conductor  patterns  can  be  fabricated  in  1 to 
man -hours . 
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1 . . 2 Thick  Im  ] m Substrate  Fabrication  Costs 

The  cycle  of  printing,  drying,  and  firing  processes  is  performed 
for  each  thick  film  pattern,  regardless  of  the  material  being 
applied  or  the  number  of  layers  involved.  However,  the  time 
required  for  the  cycle  varies  significantly  between  single  and 
multiple  layers 

f'iv'e  liundrcd  single  layer  substrates,  using  automatic  ejection 
from  the  screen  printer,  should  require  from  2 to  4 man-hours  foi 
each  cycle. 

I'ive  hundred  multilayer  substrates,  with  four^aConduc  t i ve  layers 
and  manually  removing  each  part  from  the  screen  printer  should 
require  from  10  to  lb  man-hours  to  process  through  each  cycle. 

Reminder;  A double  cycle  is  typically  performed  for  each 
dielectric  and  via-fill  application. 
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Tlie  lead  time  required  to  produce  a small  quantity  of  prototype 
hybrids  can  only  be  estimated  as  a broad  generalization,  because 
many  factors  can  influence  this  lead  time.  Nevertheless,  a hybrid 
can  generally  be  designed  and  prototype  units  produced  within  six 
weeks . 

The  time  required  for  layout  design  is  influenced  not  only  by 
the  (juantity  of  components  and  interconnections  but  also  by  tlie 
density  of  the  layout.  A layout  designed  within  the  minimum  area 
can  require  much  more  time  than  would  be  required  if  the  area 
were  larger.  The  most  difficult  layouts  are  those  designed  within 
minimum  areas  and  using  only  one  layer.  Multilayer  designs  are 
not  the  most  difficult.  Each  additional  layer  provides  alternate 
paths  for  routing  interconnecting  tracks.  Multilayer  designs 
do  require  the  designer  to  draw  many  more  pencil  lines,  but 
the  time  consumed  in  drawing  those  lines  is  much  less  than  the 
time  required  to  make  the  decision  about  where  to  draw  them.  To 
emphasize  this  point,  consider  that  a layout  might  reciuire  two 
weeks  to  create  yet  might  only  require  four  hours  to  trace  onto 
another  piece  of  paper. 

Another  factor  that  can  have  a large  influence  on  the  time  recpiired 
to  complete  a layout  is  the  additional  time  required  if  changes 
are  made  to  the  circuit  after  the  layout  design  has  begun.  A 
change  of  only  one  interconnection  (on  the  schematic)  might  reciuire 
extensive  rryision  to  the  layout.  It  is  a rare  case  wlien  no  change 
is  made.  (Changes  occur  in  spite  of  the  circuits  having  been  bread- 
boarded.)  Therefore  time  estimates  should  include  app roxma t e 1 v 
25%  additional  time  to  incorporate  changes. 


I 
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The  t imp  required  to  generate  the  large  scale  artwork  is  a direct 
function  of  the  number  of  layers  and  the  complexity  of  each  layer. 
Obviously,  for  a multilayer  circuit,  the  artwork  of  a continuous 
plane  of  metallization  requires  far  less  time  than  a pattern  of 
conductor  tracks. 

file  delivery  of  purchased  parts  has  often  been  the  pacing  factor 
in  the  lead  time  for  producing  prototypes.  for  this  reason  it  is 
a good  practice  to  select  alternate  components  whenever  possible 
and  to  indicate  these  alternatives  on  the  parts  list.  Changes 
to  the  circuit  can  also  have  a large  impact  on  the  delivery  of 
purchased  parts. 
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1.8  F’ACKACINC  WiNSlTY 


Not  only  the  layout  designer  but  also  tlu'  circuit  design  cnginee 
should  have  some  guidelines  for  approximating  the  size  rec|uiicd 
to  package  a particular  circuit  using  hybrid  techniques. 

If  the  size  determination  is  delayed  until  the  layout  design  is 
completed,  then  any  changes  that  might  be  reqviired  to  the  parti- 
tioning can  have  far  greater  impact,  since  many  commitments  may 
have  already  been  made. 

The  only  known  quantitative  ground  rules  for  determining  package 
size  do  indicate  the  package  size  but  arc  not  definitive  aln)ut 
the  requirements  for  interconnecting  tracks. 

ihe  given  multiplication  factors  when  applied  to  the  individual 
component  areas  provide  sufficient  surface  area  for  component 
mounting  pads,  wire  bonding  pads,  and  area  for  routing  a relativ 
simple  interconnecting  patttern.  Complex  interconnections  are 
not  included. 


SUBSTRATE  ARHA  CROlINn  RlILl i 

To  determine  the  substrate  area  required  to  comfortably  accommo- 
date a particular  circuit,  multiply  the  area  of  cacli  circuit 
component  Iiy  the  factor  shown.  The  sum  of  these  individual  l\ 
multiplied  areas  will  provide  for  components,  wire  bonds  and 
some  additional  area  for  interconnecting  tracks.  Because  tliere 
is  extra  allowance  in  the  multiplication  factors,  tlie  calculated 
total  area  has  proven  to  be  comfortably  large.  r,ight\-  percent 
of  the  calculated  area  should  be  treated  as  the  minimum  requiied 
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Multiplication 


Component 

Factor 

Integrated  Circuit 

10  X 

Transi stor 

4 X 

1)  i ode 

.5  X 

Resistor 

5 X 

Capacitor 

2 X 

I nductor 

2 X 

NOir. : For  any  component  size  less  than  50  x 50  mils,  assume 

50  X 50  mils,  then  apply  multiplication  factor. 

Interconnect  requirements  are  unique  for  each  circuit  and  vary 
over  a wide  range  of  complexities.  In  some  cases,  where  the 
interconnections  are  very  simple  or  very  few,  they  might  he 
accommodated  within  the  multiplication  factors.  Sometimes, 
however,  even  simple  'interconnections  require  the  use  of  a 
few  surface-to-surface  jumpers  in  order  to  avoid  multiple 
1 ayer  s . 

The  number  of  lavers  required  for  interconnecting  tracks  is 
determined  by  several  factors.  Some  of  those  factors  are: 
the  number  of  connections,  the  number  of  points  to  he  connected 
on  any  one  "string",  whether  or  not  the  signals  are  preassigned 
to  certain  package  leads,  and  very  significant  is  wliether 
components  can  be  mounted  on  the  top  layer  or  must  lie  il  i recti  \- 
on  tlie  substrate  surface.  There  is  no  known  grouiulrule  that 
takes  into  account  all  of  the  variables  in  relation  to  eacli  other. 


1 - .5() 


1.8  ICoiit.)  PAl'KAdlNd  DHNSnV 


riu'  siihstrate  area  yroundrule,  as  previously  stated,  provides 
for  some  of  the  variables.  The  rule  was  applied  on  one  project 
requirinjt  eighty-six  unique  microcircuits.  llie  designs  incor- 
l)orated  flying  wire  bonds  which  were  permitted  to  pass  over 
surface  conductor  tracks  up  to  a maximum  wire  lengtli  of  100  mils. 
All  resistors  were  chips.  fen  mil  lines  and  spaces  were  tlie 
minimums  used.  .None  of  the  package  pins  were  preassigned. 

fhe  following  circuits  along  with  their  microcircuit  designs  are 
offered  as  examples  of  various  circuit  com])  1 ex  i t i es  . The 
schematic  diagram  is  shown  in  order  to  depict  the  degree  of 
complexity  of  the  interconnections.  A chart  is  provided  wliich 
shows  the  application  of  the  substrate  area  groundru  1 e . The 
assembly  picture  and  the  metallization  patterns  make  clear  the 
density  of  the  completed  design. 


1.8  ( Cont  . ) PACKAC:  I NC.  DhNS  1 I V 
Circuit  No.  I schematic: 


1 . S (.  Con  t . ) 


PACKAGING  DHNSITY 


Circuit  No.  1 substrate  area  calculation: 


Component 
Designat ions 

r~ 

Component 
Dimens  ions 

Individual 

Component 

.Area 

Component 

Area 

Sub  Total 

Mu  1 1 i p 1 i e d 
Area 

Capacitors:  2x 
Cl,  3 

0.0  75  X 
(1.90  X 

0 .175 
4 .44) 

0.0131 

(8.452) 

0.0262 

(16.903) 

0.0524 

(33.806) 

C2 

0 . 1 b 0 X 
(4.0b  X 

0.425 

10.79) 

0.0680 

(43.871) 

0.0680 

(43.871) 

0 .1360 
(87.742) 

C4 , 5 , b 

0.2  25  X 
(5.71  X 

0 . 145 
3.6  8) 

0.0326 
(21  .032) 

0.0978 

(63.097) 

0 .1956 
( 126.  193) 

Diodes:  3x 
CRl  thru  6 

0.020  X 

(0.51  X 

ZI 

0.020 

0.51) 

0.0025 

(1.613) 

0.0150 

(9.677) 

0.0450 
(29 . 032) 

CR7 

O.ObO  X 
(1.52  X 

0.060 

1.52) 

0.03C)'' 

0.76) 

0.0036 

(2.322) 

0.0036 

(2.322) 

0.0108 

(6.968) 

VRl  thru  6 

0.030  X 
(0.76  X 

0.0025 

(1.613) 

0.0150 
(9 .677) 

0.0450 

(29.032) 

Res i s tors : 3x 
R2  thru  20  1 
R22  thru  25J 

0.030  X 
(0.76  X 

0.05^ 

0.76) 

0.0025 
(1 .613) 

0 .0575 
(37.097) 

0.1725 
(111 .290) 

R 1 , 21 

0.050  X 
(1.27  X 

0.050 

1.27) 

0.0025 
(1  .613) 

0 . 0050 
(3.226) 

0.0150 

(9.677) 

Transistors:  4x 
Ql,  5 

0.055  X 
(0.89  X 

0.035 

0.89)^ 

0.0025 

(1.613) 

0.0059 

(3.226) 

0.02  0 0 
(12.903) 

Q2,  3,  4,  bH 

Q7,  8 _f 

0.025  X 
(0.6  3 X 

0.025 

0.63) 

0.00  2 5 
(1.613) 

0 .0150 
(9.6"7) 

9 . 0600 
( 3 8 . 1 0 ) 

Total  = 

0 . 7523 
(485. 3 5 4 ) 

\c  t ua  1 

Substrate  Size 

0.85  0 X 
(21.59  X 

0.880  0.7480 

22.55)  (482.580) 

Sices  less  than  O.O.SO  .x  O.OSO  in.  (1.27  x 1.27  inm ) assume 
n.OSn  X 0.0. St)  in.  fl.27  x 1.27  mm). 


Actual  substrate  area  is  99«  of  calculated  area. 
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1.8  (Cont.)  PACKAGING  DENSITY 
Circuit  No.  2 substrate  area  calculation: 


Component 
Des  i gnat  ions 

Component 
Dimensions 
in . 
(mm) 

Individual 

Component 

Area 

Comnonent 

Area 

Sub  Total 

Mu  1 t i p 1 i cd 
.Area 

sq  in. 
( s q mm ) 

s q in. 
( s Cl  mm ) 

sq  i n . 
(sq  mm) 

Capacitors:  2x 
Cl,  9 , 10 

C2,  3,  4,  5.1 
C7,  8 J 

Cb 



0.050  X 0.060 
(1.27  X 1.52) 

0.060  X 0.090 
(1.52  X 2.29) 

0.060  X 0.160 
(1.52  X 4.06) 

0.0030 

(1.935) 

0.0054 

(3.484) 

0 . 0096 
(6.193) 

0.0090 

(5.806) 

0.0324 

(20.903) 

0.0096 

(6.193) 

0 .0180 
(11.613) 

0 . 064  8 
(41 .806) 

0.0192 

(12.387) 

Diodes:  3x 
CRl  thru  8 

1— - 

IL 

0.020  X 0.020 
(0.51  X 0.51) 

0.0025 
(1 .613) 

0.0200 

(12.903) 

0.0600 

(38.710) 

Resistors:  3x 
R1  thru  20 

ll 

0.030  X 0.030 
(0.76  X 0.76) 

0.0025 

(1.613) 

0.0500 

(32.258) 

0.1500 

(96.774) 

transistors;  4x 
Q1  thru  11 

0.025  X 0.025^ 
(0.63  X 0.63) 

0.0025 

(1.613) 

0.0275 

(17.742) 

0 .1100 
(70.968) 

Toroids:  2x 
T1  thru  4 

0 . 160  Dia 
(4.06) 

0.0  20 
(12.903) 

0 .080 
(51.613) 

0.160 

(103.226) 

Actual 

Substrate  size 

0.850  X 0.880 
(21.59  X 22.35) 

0 . 748 
(482 . 580) 

Total  = 0.582 

(375.483) 

Sices  less  than  0.050  x 0.050  in.  ( 1.27  x 1.27  min')  assume 
0.0  50  X 0.050  in.  ( 1.27  x 1.27  mm^  . 


Actual  substrate  area  is  128%  of  calculated  area. 


1.8  (Cont.)  PACKACING  DENSITY 
Circuit  No.  3 substrate  area  calculation: 


Component  | Component 
Designations  I Dimensions 


Capacitors:  2x 
Cl 

0.155 

X 

0.325 

(3.94 

X 

8.25) 

C2 

0.060 

X 

0 . 090 

(1.52 

X 

2.29 

C3 

0.105 

X 

0.155 

(2.67 

X 

3.94) 

C4 

0.220 

X 

0 . 240 

(5.59 

X 

6 .10) 

Transistors : 
Q1  thru  5 

Q6  thru  13 


Resistors: 
Rl,  3,  4, 

R2,  5 

R7  thru  28 


0.025  X 0.025 
(0.63  X 0.63) 


IL 

0.040  X 0.040 
(1.02  X 1.02  ^ 

0.025  X 0.025 
0.63  X 0.63) 


0.050  X 0.050 
(1.2  7.  X 1-27)^ 

0.035  X 0.035^ 
(0.89  X 0.89) 


Individual 

Component 

Area 


0 .C504 

(32.516) 

0.0054 

(3.484) 

0.0163 

(10.516) 

0.0528 

(34.064) 


0.0025 

(1.613) 


0.0025 

(1.613) 

0.0025 
(1 .613) 


0.0025 

(1.613) 

0.0025 

(1.613) 


Actual  0.855  x 0.885  0.757 

Substrate  Size  (21.72  x 22.48)  (488.176) 


Component 

Area 

Sub  Total 


Mu  1 1 i p 1 i o d 
A re  a 


sq 

in  . 

(sq 

mm ) 

0 . 

0 504 

(3 

2.516 

0 . 

00  54 

(3 

.484) 

0. 

0163 

(10.516) 

0 . 

0528 

(34.064) 

0 . 

0125 

i_8 

.064  ) 

0.0125 
( 8 . 0{)4) 

0 .0200 
(12.905) 

0 . 0100 
(6.452) 

0 . 06  09 


Tot  a 1 


sq 

1 n . 

( sq 

mm) 

0 . 

100  8 

(65.032) 

0 . 

0 1 0 8 

(6 

.968) 

0 . 

03  26 

(2 

1.032) 

0 . 

1056 

(68.129) 

r 0. 

0375 

(24.193) 

0. 

0500 

13 

2.258) 

0 . 

0 80  0 

(51.613) 

r;,: 

0 300 

(19.355) 

9 . 

1 80  0 

1 (116.129) 

0.627 
(404  . 


/l  Sizes  less  than  0.050  x 0.050  in  (1.27  x 1.27  mm)  assumt 
0.050  X 0.050  in  (1.27  x 1.27  mm). 


Actual  substrate  size  is  120^>  of  calculated  area. 


I 


l.K  ICont.)  PACKAGING  DENSITY 
Circuit  No.  4 schematic; 
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1.8  (Cont.)  PACKAGING  DENSITY 
Circuit  No.  4 substrate  area  calculation: 


Component  Component 

Designations  Dimensions 


Capacitors:  2x 
Cl,  2 


es : 3x 
1.  3,  4,  5 


Individual 

Component 

Area 


6.  7,  8 


Transistors:  4xi 
Q1 


Q3,  4,  6,  7, 
Q8 

Q5,  9,  10 


Resistors:  3x 
R 1 thru  22,1 
R25,  26,  > 

R30  thru  33 j 


0.225  X 0.250 
(5.71  X 6.35) 

0.0562 

(36.258) 

Z! 

0.020  X 0.020 

0.0025 

(0.51  X 0.51) 

1 (1.613) 

|0.085  X 0.085 

0.0072 

(2.16  X 2.16) 

(4.645) 

0.060  X 0.060 

0.0036 

i(l  .52  X 1.52) 

(2.322) 

0.025  X 0.025^ 

0.0025 

!(0.63  X 0.63) 

A 

(1.613) 

0.010  X 0.015 

0.0025 

(0.25  X 0.38) 

(1.613) 

0.035  X 0.035/^ 

0.0025 

(0.89  X 0.89) 

(1.613) 

0.175  X 0.175 

0 . 0306 

(4.44  X 4.44) 

(19.742) 

0.030  X 0.030^ 

. 002  5 

(0.76  X 0.76) 

(1.613) 

0.050  X 0.050 

.002  5 

(1.27  X 1 .27) 

(1.613) 

R23,  24,  27, 
R28,  29,  34, 
R35  , 36 , 37 , 
R38 


Actual  1 .020  X 1 .020 

Substrate  Size  ( 2 .3 . 9 1 x 25.91) 


/\  Sizes  less  t 
assume  0.050 

Actual  substrati 


Component 

Area 

Sub  Total 


0 . 1124 
(72.516) 


0.0100 

(6.452) 

0.0072 

(4.045) 

0.0108 

(6.968) 


'lu  1 t i n 1 i o d 
Area 


1.8  (Cont.;  PACKAGING  UPNSllY 


Circuit  No.  4.  components  plus  single  metallization  layer 


1.8  (Cont.)  1’AC;KA('.1N(;  Dl-.NSITY 
Circuit  No.  S schematic: 


1.8  (Cont.)  PACKAGING  DENSITY 
Circuit  No.  .S  substrate  area  calculation; 


Component 

Designations 

Mu  1 1 i n 1 i c d 
A r e a 
sq  in. 
(sq  mm) 

Capacitors:  2x 

Cl,  2 

0.060  x 0.155 

0.0093 

0.0186 

0 . 03  7 2 

(1.52  X 3.94) 

(6 . 000) 

(12.000) 

(24 . 000) 

C3,  5 

0.050  X 0.060 

0.0030 

0 . 0060 

0.0120 

1 

(1.27  X 1 .52) 

(1 .935) 

(3.871) 

(7.742) 

n 

00 

0.060  X 0.090 

0.0054 

0.0162 

0.0324 

(1.52  X 2.29) 

(5.484) 

(10.452) 

(20.905) 

Cb 

0.065  X 0.060 

0.0039 

0 . 0039 

0 .0078 

(1.65  X 1.52) 

(2.516) 

(2.516) 

(5.032) 

n 

o 

0.150  X 0.225 

0,0537 

0.0675 

0 . 1350 

(3.81  X 5.71) 

(21.742) 

(43.548) 

(87.097) 

Diodes:  5x 

0.0025 

0.0250 

0.0750 

(1.613) 

(16.129) 

(48.38'’) 

Resistors:  3x 

R]  thru  22 

0,0025 

0 . 550 

0.16  5 0 

waSBamBm 

(1.613) 

(55.484  ) 

(106.451) 

Transistors:  4x 

/I 

Q1  thru  10 

0,02  5 X 0.02^ 

0.0025 

0 . 1000 

(0.63  X 0.63) 

(1.613) 

(64 .516) 

i.C.'s;  lOx 

U1  , 3 

0,055  X 0.060 

0.0035 

0 . 0066 

0 . 0660 

(1 .39  X 1.52) 

(2.129) 

(4.258) 

(42  . 580) 

U2,  4,  5 

0.090  X 0.090 

0.0081 

0.0243 

0 . 24  30 

(2.29  X 2.29) 

(5.226) 

(15.677) 

(156.770) 

Total 

1.0534 

(679.612) 

Ac  tua 1 

1 ,000  X 1.025 

1 .0250 

Substrate  Size 

(25.40  X 26.03) 

(661 .289) 

/\  Sites  less  than  0.050  x 0.050  in.  (1.27  x 1.27  mm)  assume 
0.050  X 0.050  in.  ( 1.27  x 1.27  mm). 


Actual  substrate  area  is  97«o  of  the  calculated  area. 
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1.8  (Cont.)  PACKAGING  DliNSITY 


I . « (.ont . ) PACKAG  1 N(;  DI:N'S  n"i 
Circuit  No.  b schematic; 


1 


1.8  (Cont.)  PACKAGING  DENSITY 
Circuit  No.  6 substrate  area  calculation: 


Component 

Designations 

Component 
Dimens  ions 

Individual 

Component 

Area 

Component 

Area 

Sub  Total 

Mu 1 1 i p 1 i e d 
Area 

in . 
fmml 

sq  in . 
(sq  mm) 

sq  in. 

( s q mm ) 
— — ^ 

s q in. 
(sq  mm) 

Capacitors:  Zx 
Cl,  3,  7,  SA 
C9,  11  J 

0.050 

(1.27 

X 0.060 

X 1.52) 

0.0030 

(1.935) 

0.0180 

(11.613) 

0.0360 
(23 . 226) 

C2,  4,  6,  10 

0 . 060 
(1.52 

X 0.090 
X 2.29) 

0.0054 

(3.484) 

0.0216 

(13.935) 

0.0432 
(27 .871) 

C5 

0.075 

(1.90 

X 0.185 
X 4.70) 

0.0139 

(8.967) 

0.0139 

(8.967) 

0 .0278 
(17.935) 

Diodes:  3x 
CRl  thru  4,~| 
Cb  thru  13  > 

CR  17  J 

0.020 

(0.51 

X 0.020^ 
X 0.51) 

X 0.03 
X 0.76) 

0.0025 

(1.613) 

0.0325 
(20 . 967) 

0.0975 

(62.905) 

CR5,  14,  1571 
CR16  J 

0.030 

(0.76 

0.0025 

(1.613) 

0.01 0 0 
(6.452) 

0.0300 

(19.355) 

Transistors:  4x 
Q1  thru  6 

0.025 

(0.63 

X 0 .025^ 
X 0.63) 

0.0025 

(1.613) 

0.0150 

(9.677) 

0 . 0600 
(38.710) 

Resistors:  3x 
R1  thru  24 

0.030 

(0.76 

11 

X 0.030 
X 0.76) 

0.0600 

(38.710) 

0 .1800 
(116.129) 

1 . 1, . * s : 1 Ox 
U1 

0.080 

(2.03 

X 0.080 
X 2.03) 

0.0064 
(4 .129) 

0.0064 

(4.129) 

0.064 0 
(41  . 290) 

U2,  3,  4 

0.090 

(2.29 

X 0.100 
X 2.54) 

0.0090 

(5.806) 

0.0270 

(17.419) 

0 . 2700 
(174 . 190) 

Total 

0.8085 
(521  .612) 

Actual 

Substrate  Size 

0.855  X 0.885 
(21.72  X 22.481 

0.7566 
(488 . 128) 

/]_  Sizes  less 

than 

050  X .050  in. (1.27 

X 1.27  mm) 

as  sume 

.050  X .050  in.  fl.27  x 1.27  mm). 

Actual  substrate  area  is  95%  of  calculated  area. 
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1.8  ICont.)  PACKAGINt: 


DliNS  ITY 


Circuit  No.  b,  components  plus  3rd  metallization  layer 


ING  DENSITY 


1.8  (Cent.)  TAG KAC 


Circuit  No.  7 substrate  area  calculation; 


Component 
Des ignat ions 

Comnonent 
D imens ions 
i n . 

1 mm ) 

1 nd i V i dua 1 
Componen  t 
Area 

Comnonent 

Area 

Sub  Total 

^lu  1 1 i n 1 i e d 
Area 

sq  in. 
(sq  mm) 

s Cl  in. 
(sq  mm) 

sq  i n . 
( s q mm ) 

Capacitors:  2x 
Cl  thru  8 

C9  thru  12 

0.000  X 0.090 
(1.52  X 2.29) 

0.050  X 0.060 
(1.27  X 1.52) 

0 . 0054 
(3.484) 

0 . 0030 
(1 .935) 

0 . 0432 
(27.87  1 ) 

0.0120 

(7.742) 

0 . 0864 
(55.742) 

0.0240 

(15.484) 

Resistors:  .5x 
R1  thru  21 

^ A 

0.0.50  X 0.030 
(0.70  X 0.76 

0.0009 

(0.581) 

0.0216 

(13.935) 

0 .0648 
(41 . 806  ) 

l.C.’s:  lOx 

Ul,  .5,  5,  7 

0.080  X 0.070 
(2.03  X 1.78) 

.0056 

(3.613) 

0 . 0224 
(14.451) 

0 . 2240 
(144.516) 

U 2 , 4 , (1 , 8 , 
U9,  10,  11 

0.060  X 0.055 
(1.52  X 1.40) 

0 . 0033 
(2.129) 

0 . 0231 
(14 .903) 

0.2310 

(149.032) 

Ac  t ua 1 

Substrate  Size 

0.850  X 0.880 
( 2 1 .59  X 22.35) 

0 .7480 
(482 . 580) 

Total 

0 . 6302 
(406. 580) 

[\  Sizes  less  than  0.050  .x  0.050  in.  (1.27  x 1.27  mm)  assume 
0 . 050  X 0 . 050  in.  ( 1 . 27  x 1.27  mm) . 


Actual  substrate  area  is  118o  of  the  calculated  ai'ea. 
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1.8  (Cont.)  PACKAGING  DKNSITY 
Circuit  No.  8 substrate  area  calculation: 


Component 

Designations 

Component 

Dimensions 

Individual 

Component 

Area 

Component 

Area 

Sub  Total 

I'll!  1 1 i n 1 i e d 
Area 

1 n . 
fmm) 

s q in. 
(sq  mm) 

s q in. 
(sq.  mm) 

s q in. 
( s q mm ) 

Capacitors:  2x 
Cl  thru  8 

0.050  x 
(1.27  X 

0.060 

1.52) 

0.0030 
( 1 . 935) 

0.0240 
(15. 484) 

0 . 0480 
(30.968) 

Resistors:  3x 
R1 

0.030  X 

( 0 . 7 (i  X 

A 

0.030 

0.76) 

0 .0025 
(1  .613) 

0 .002  5 
(1.613) 

0 . 00  7 5 
(4 . 839) 

i.e.'s:  lOx 
Ul,  2,  9, 

U16  / 

0.055  X 
(1 .40  X 

0.060 
1 .52) 

0.0033 

(2.129) 

0.0165 

(10.645) 

0 . 16  50 
(106.450) 

U.3  thru  8 

0.09  5 X 
(2.41  X 

0.095 

2.41) 

0 .0090 
(5.806) 

0.0540 
(34 . 838) 

0 . 54  00 
(34  8 . 38  0) 

1)10,  11 

0.0  80  X 
(2.03  X 

0.095 

2.41) 

0.0076 

(4.903) 

0.0152 

(9.806) 

0 . 15  20 
(9  8.0(.l)) 

Ul  2 

0.075  X 
(1.90  X 

0.085 

2.16) 

0.0064 

(4.129) 

0 . 0064 
(4. 129) 

0 .0640 
(41 . 290) 

U14,  15 

0.055  X 
(1.40  X 

0.060 

1.52) 

0.0033 

(2.129) 

0 . 0 066 
(4.258) 

0 . 0600 
(42.580) 

Total 

1 . 04  2 5 
( 6 7 2 . 5 9 ) 

Aetna  1 

Substrate  Size 

0.850  X 
(21.59  X 

0.880  0.748 

22.35)  (482.580) 

/l  Sizes  less  than  0.05')  x 0.050  in.  fl.27  x 1.27  mml  assume 
0.050  X 0.050  in.  fl.27  x 1.27  mm) . 


Actual  substrate  area  is  72%  of  the  calculated  area.  The  smaller 
than-80%  substrate  was  not  predicted  before  the  design  was  ini- 
tiated. Only  after  the  first  design  was  comnleted  (on  a larger 
size  substrate)  was  it  determined  that  an  attemjit  sliould  be  made 
to  use  a smaller  substrate. 


1.8  (Cont.)  PACKAGING  DENSITY 


Circuit  No.  8 components  plus  4th  metallization  layer 


1.8  ( Con  t . ) PACKAC  I \C  DliXS  I TV 


Circuit  No.  8,  2nd  nio  t;i  1 1 i za  t i on  layer  (voltage  j)lanel 
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1.8  (Cont.)  PACKAGING  DENSITY 
Circuit  No.  9 substrate  area  calculation: 


Component 
Des i gnat  ions 

Capacitors:  2x 
Cl,  2,  3,  5, 

C7,  9 

C4,  5,  10,  11 

Resistors:  3x 
R1  thru  10 


Componen  t 
Dimensions 
i n . 
(mm) 


0. 

05  0 

X 

0.060 

(1 

.27 

X 

1 .52) 

0 . 

060 

X 

0.110 

(1 

.52 

X 

2.79) 

0 . 

03  5 

X 

0.035^ 

(0 

. 89 

X 

0.89) 

0. 

05  5 

X 

0.060 

(1 

.40 

X 

1.52) 

0 . 

080 

X 

0 .075 

(2 

.03 

X 

1.90) 

0 . 

09  5 

X 

0.095 

(2 

.41 

X 

2.41) 

0 . 

0 80 

X 

9.0  70 

(2 

.03 

X 

1 .78) 

Individual 
Componen  t 
Area 
sq  in . 
(sq  mm) 

0 .0030 
(1 .935) 

0.0066 

(4.258) 


Componen  t 

Area  Mul t i n 1 i ed 

Svih  Total  Area 

sq  in.  sq  in. 

( sq  mm ) ( s q mm  ) 


0 . 0180 
(1  1 .613) 


1.8  (,Cont.)  PACKAGING  DENSITY 


Circuit  No.  9 components  plus  5th  metallization  layer 
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1.8  (Cont.)  PACKAGING  DENSITY 


Circuit  No.  9,  3rd  metallization  layer  (signal  interconnections) 


It  ion  layer  (voltayc  plane) 


SHCTION  2 HNVIRONMF.NTAL  PARAMETERS  (MILITARY  STANDARDS) 

Iho  information  in  this  section  is  presented  as  examples  of  t lie 
environmental  stresses  that  a hybrid  must  witlistand  in  order  1 1' 
meet  the  military  recpi  i rement  s for  hijth  re  1 i ah  i 1 i t . 

The  spec  i fi  cat  ions  most  often  imposed  to  assure  hi.i^h  re  1 i ati  i 1 i t v 
for  a hybrid  are  sjielletl  out  in  MlL-STn-88T  and  M 1 1,  - STP- 88  8 1 0 . 

All  of  the  specific  recpi  i rements  shown  in  this  text  aic-  extracted 
I'rom  revision  A of  M 1 1,  - S TP- 88  8 . These  inclusions  are  not  intended 
to  necessarily  show  the  latest  revisions,  nor  the  full  content  of 
M 1 1.- STD-  88  8 , hut  rather  are  indicative  of  the  decree  of  tc'stiiu’ 
typically  reciuired. 

Mil.- STD-  888  describes  various  tests  and  assigns  to  each  tvpe  of 
test  a designation  called  a "method  number".  Within  each  method 
theie  may  he  suIhI  i v i s ions  that  specify  various  decrees  of  strinc.en 
cies.  These  subdivisions  are  referred  to  as  "Condition"  A,  H,  f , 
etc  . 

rhe  list  of  tests  shown  in  Table  2-1  (as  well  as  each  individual 
method  shown  in  this  text)  is  extracted  from  the  .November  1.8,  l'.i''l 
issue  of  '1 1 1,  - S'l'D  - 88  8 . It  is  included  here  ter  indicate  the  c.ite 

juries  of  tests  shown  in  Mlh-STD-888.  (Additions  and  delet  iiuis 
to  the  sime  i f i cat  ion  are  made  as  new  techniepaes  and  reipi  i I'emen  t s 
are  defined.  Obtaininit  the  most  up-to-date  information  recpiirc's 
consultini;  the  latest  issue  in  effect,  alonst  with  outstaiuliiut 
addc'iula.)  It  should  he  recoin  i zed  that  the  siu'c  i f i ca  t i (Ui  includes 
I’ecpi  i r erne  n t s for  m i c roe  I ec  t ron  i c clevices  other  than  hvhrids,  and 
that  not  all  the  tests  are  applicable  ti>  hvhrids. 
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SECTION  2 (Cont.) 


ENVIRONMENTAL  PARAMETERS 
(MILITARY  STANDARD^ 


Table  2-1  LIST  OF  METHODS  FROM  MIL-STD-883 


M1L-8TD-883A 
15  November  1914 


TEST  METHODS 

Method  No. 


Environmental  tests 


1001 

Barometric  pressure,  reduced  (altitude  operation) 

1002 

Immersion 

1003 

Insulation  resistance 

1004.  I 

Moisture  resistance 

1005.  1 

Steady  state  life 

1006 

Intermittent  life 

1007 

Agree  life 

1008.  1 

High  temperature  storage 

1009.  1 

Salt  atmosphere  (corrosion) 

1010.  1 

Temperature  cycling 

1011.  1 

Thermal  shock 

1012 

Thermal  characicristics 

1013 

Dew  point 

1014.1 

Seal 

1015. 1 

Burn-In  test 

Mechanical  tests 

2001.1 

Constant  acceleration 

2002. 1 

Mechanical  shock 

2003. 1 

Solderablllty 

2004. 1 

Lead  Integrity 

2005 

Vibration  fatigue 

2006 

Vibration  noise 

2001 

Vibration,  vari.ible  frequency 

2008. 1 

Visual  and  mechanical 

2009. 1 

External  visual 

2010.2 

Internal  visual  (monolithic) 

2011. 1 

Bond  strength 

2012. 1 

Radiography 

2013 

Internal  visual 

2014 

Internal  visual  and  mechanical 

2015 

Resistance  to  solvents 

2016 

Physical  dimcn.sions 

2017. 

Internal  visual  (hybrid) 

Scanning  electron  microscope 
(SEM)  Inspection  of  metal  1 l?.nt  ion 

2019 

Die  shear  test 
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SFia  iON  2 

( Cont . 3 

FA'V I RONMENTAL  PARAMETERS 

(MILITARY 

STANDARDS) 

Tabic  2-  1 

(Cont . ) 

LIST  OF 

METHODS  FROM  MIL-STD-883 

MIb-STD-883A 
15  November  1974 

TEST  METHODS  - Continued 

Method  No. 

Electrical  tests  (digital) 

3001.1 

Drive  source,  dyn.inilc 

3002. 1 

Load  conditions 

3003. 1 

Delay  nicasureincnts 

8004. 1 

Transition  time  nieasureincnts 

3005. 1 

Power  supply  current 

3006. 1 

High  level  output  voltage 

3007. 1 

I/3W  level  output  voltage 

3008. 1 

Di  eakdown  voltage,  input  or  output 

3009.  1 

Input  current,  low  level 

3010.  1 

Input  current,  high  level 

3011. 1 

Output  short  circuit  current 

3012.  1 

Terminal  capacitance 

3013.1 

Noise  n'..ugin  measurements  for  digital  micro- 

electronic devices 

3014 

Functional  testing 

Electrical  tests  (linear) 

4001 

Input  offset  voltage  and  current  and  bias  current 

4002 

Phase  margin  and  slew  rate  measurements 

4003 

Common  mode  input  voltage  range 
Common  mode  rejection  ratio 
Supply  voltage  rejection  ratio 

4004 

Open  loop  performance 

4005 

Output  performance 

4006 

Power  gai.i  and  noise  figure 

4007 

Automatic  gain  control  range 

Test  procedures 

5001 

Parameter  mean  value  control 

5002 

Parameter  distribution  control 

5003 

Failure  analysis  procedure  for  microcircuits 

5001.  2 

Screening  procedures 

5005. 2 

Q.ialificatlon  and  quality  conformance  procedures 

5006 

Limit  testing 

3007 

Wafer  lot  acceptance 
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2.1  TfiMPHRMlIRF.  TIiSTS 

The  most  common  temperature  stresses  imposed  on  h i - re  1 i ah  i 1 i t y 
hybrids  are  high  temperature  storage,  temperature  cycling  and 
thermal  shock  all  without  electrical  povver;  the  burn-in  test  is 
performed  with  power  on. 

2.1.1  High  Temperature  Storage 


file  requirements  of  Method  1008.1  , Condition  C arc  common  criteria 
for  liigh  temperature  storage  tests. 


MEHIOO  1008.1 
HIGH-TEMPERATURE  STORAGE 


MIL-STD-88SA 
15  November  1974 


1.  PURPOSE . The  purpose  of  this  test  is  to  determine  the  effect  on  microelectronic 
devices  of  storage  at  elevated  temperatures  without  electrical  stress  applied.  This 
method  may  also  be  used  in  a screening  sequence  or  as  a preconditioning  treatment  prior 
to  the  conduct  of  other  tests.  This  test  shall  not  bo  used  to  determine  device  failure 
rates  for  other  than  storage  conditions.  It  may  be  desirable  to  make  end  point  and, 
where  applicable,  intermediate  measurements  on  a serialized  device  basis  or  on  the  basis 
of  a histogram  distribution  by  total  sample  in  order  to  increase  the  sensitivity  of  the 
test  to  parameter  degradation  or  the  progression  of  specific  failure  mechanisms  with  tiiiie 
and  temperature. 


2.  APPARATUS.  The  apparatus  required  for  this  test  shall  consist  of  a controlled 
temperature  chamber  capable  of  maintaining  the  specified  temperature  and  suitable  elec- 
trical equipment  to  make  the  specified  end  point  measurements. 

3.  PROCEiiURn . The  device  shall  be  stored  at  the  specified  ambient  conditions  for  the 
specified  time.  Within  the  time  interval  of  24  hours  before  (0  hours  before  tor  test  dura- 
tions less  than  250  hours)  to  72  hours  after  the  specified  duration  of  the  test,  the  de- 
vice shall  be  removed  from  the  specified  ambient  test  condition  and  allowed  to  reach 
standard  test  conditions.  When  specified,  end-point  measurements  shall  be  completed 
within  96  hours  after  removal  of  device  from  the  specified  ambient  test  condition. 

When  specified  (or  at  t)ie  manufacturer's  discretion,  if  not  specified)  intermediate 
measurements  shall  be  made  at  intermediate  points. 


3.1  Test  condition.  The  ambient  test  temperature  shall  be  indicated  by  specifying  a 
test  condition  letter  from  the  following  table,  unless  otherwise  specified  test  condition 
C and  a mir.imtim  time  duration  of  24  hours  shall  apply. 

Test  condition  Temperature 

A 7S*C 

B 125*C 

C 1S0*C 

D 200*C 

E 250*C 

F 300*C 

C 350*C 

H 400*C 


1 
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1 . 1 ICont 


High  I'empe raturc  Storage 


HIL-STD-88JA 
15  November  1974 


3.1.1  Temperature-accelerated  test.  A special  "testing  only"  maximum  microcircuit 
rating  applicable  to  high  temperature,  short-duration  testing  shall  be  specified  in  the 
applicable  procurement  document.  The  rated  temperature  value  should  be  chosen  from  the 
tabic  of  3.1.  (To  properly  select  this  rating,  it  is  recommended  that  an  adequate  sample 
of  devices  be  exposed  to  the  intended  high  temperature  for  at  least  the  corresponding 
time  duration  (sec  figure  1008-1),  to  ascertain  that  any  failure  mechanisms  observed  do 
not  differ  from  those  observed  at  lower  temperatures  over  equivalent  longer  test  dura- 
tions per  figure  1008-1.) 

At  the  supplier's  option,  the  specific  time  and  temperature  value  may  be  used 
in  conjunction  with  the  graph  of  figure  1008-1  to  establish  other  testing  conditions 
equivalent  to  those  specified.  Allowable  equivalent  t ime-temperature  cenhinations  shall 
be  chosen  by  drawing  through  the  point  of  figure  lOOS-1  corresponding  to  tht  specified 
time  and  temperature  a straight  line  parallel  to  the  given  regression  line,  any  time- 
temperature  combination  which  lies  on  or  above  this  parallel  line,  within  tlie  time  limits 
indicated  in  figure  1008-1  may  be  used. 


4,  SUbWARY . The  following  details  shall  be  specified  in  the  applicable  procurement 
docuraent : 

(a)  Test  condition  letter  if  other  than  test  condition  C (see  3.1). 

(b)  Test  duration  if  other  than  24  hours  (see  3.1). 

(c)  End  point  measurements,  if  applicable  (see  3). 

(d)  Intermediate  measurements,  if  applicable  (see  3). 

(e)  Majtimuffl  accelerated  test  temperature  rating  (see  3.1.1)  if  applicable. 


TIME- MOORS 


1.1  (Cont.)  High  Temperature  Storage 


M1L-STU-6S.W 
15  November  1974 


TEMPERATURE  °C 


FIGURK  1008-1.  Time -tempernturo  re (’.I'rssioii  and  allowabli'  time  limits 
for  Ir.st  condition  F.  ’ ' " ^ 

Mi;THU(t  IdP.i.l 
15  Novrmt'cr  1974 


SCREENING  TEST 
•Duration  limits 


1 


Temperature  Cycling 


he  requirements  of  Method  1010.1,  Condition  C for  10  cycles  are 
ommon  criteria  for  temperature  cycling. 

MIL-STD-883A 

METHOD  1010.1  15  November  1974 

TEMPERATURE  CYCLING 


1.  PURPOSE.  This  test  is  conducted  for  the  purpose  of  determining  the  resistance  of 
a part  to  exposures  at  extremes  of  high  and  low  tenper.atures , and  to  the  effect  of  alter- 
nate exposures  to  these  extremes,  such  as  would  be  experienced  when  equipment  or  parts 
are  transferred  to  and  from  heated  shelters  in  arctic  areas.  These  conditions  may  also 
be  encountered  in  equipment  operated  noncont inuous  in  low-temperature  areas  or  during 
transportations.  Permanent  changes  in  operating  characteristics  and  physical  damage 
produced  during  temperature  cycling  result  principally  from  variations  in  dimensions  and 
other  physical  properties.  Effects  of  temperature  cycling  include  cracking  and  delami- 
nation of  finishes,  cracking  and  crazing  of  embedding  and  encapsulating  compounds,  open- 
ing of  thermal  seals  and  case  seams,  leakage  of  filling  materials,  and  changes  in  elec- 
trical characteristics  due  to  mechanical  displacement  or  rupture  of  conductors  or  of 
insulating  materials. 

2.  APPARATUS.  Suitable  cha.mber(s)  shall  be  used  for  the  extreme  temperature  condi- 
tions of  steps  1 and  3.  The  air  temperature  of  tbe  chamber(s)  shall  be  held  at  each  ol 
the  extreme  temperatures  by  means  of  circulation  and  sufficient  hot-  or  cold-chamber 
thermal  capacity  so  that  the  ambient  temperature  measured  downstream  of  the  device  under 
test,  shall  reach  the  specified  temperature  within  S minutes  after  the  specimens  have 
been  transferred  to  the  appropriate  chamber. 

J.  PROCEDURE.  Specimens  shall  be  placed  in  such  a position  with  respect  to  the  air- 
stream  that  there  is  substantially  no  obstruction  to  the  flow  of  air  across  and  around 
the  specimen.  When  special  mounting  is  required,  it  shall  be  specified.  Ihe  specimen 
shall  then  be  subjected  to  the  specified  condition  for  the  specified  number  of  cycles 
performed  continuously.  Unless  otherwise  specified,  using  test  condition  C,  this  test 
shall  be  conducted  for  a minimum  10  cycles.  One  cycle  consists  of  steps  1 through  4 of 
the  applicable  test  condition  with  the  duration  of  exposure  at  each  temperature  as  indi- 
cated in  the  table  of  test  conditions.  Whether  single  or  multiple  chiimbcrs  are  used, 
the  effective  total  transfer  time  from  the  specified  low  temperature  to  the  specified 
high  temperature,  or  the  reverse,  shall  not  exceed  5 minutes.  Direct  heat  conduction  to 
the  specimen  should  be  minimized.  In  the  case  of  multiple  chambers,  the  transfer  time 
shall  be  defined  as  the  time  between  withdrawal  from  the  low  temperature  chamber  and 
introduction  into  the  high  temperature  chamber. 

3*1  Measurements . After  completion  of  the  final  cycle,  an  external  visual  examina- 
tion shall  be  performed  for  evidence  of  defects  or  damage  to  case,  leads,  or  seals,  or 
loss  of  marking  legibility,  resulting  from  testing.  This  examination  and  any  additional 
specified  measurements  and  examination  shall  be  made  after  co.mi)letion  of  the  final  cycle 
or  upon  completion  of  a group,  sequence  or  subgroup  of  tests  which  include  this  test. 
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( Cont . ) 


Temperature  Cyclinti 


KH^TD-883A 
15  Noveonber  1974 


Temperature-cycling  test  conditions 


Test  condition  ' 

Step 

Mi nutes 

B 

Temperature 

Tcir.pcraiure 

•c 

•c 

°c 

“C 

"C 

“C 

1 

10  min 

-1 

-ss 

■« 

■05  Is 

-65  :i 

2 

5 max 

2S  :>o 

25 

25  :i° 

r 

:r 

:r 

B 

10  min 

-0 

'•'«  !n 

300  :5 

- 

B 

S nax 

- -T 

25 

25  :'0 

25  *10 
-5 

;r 

NOTE:  The  time  at  the  high  and  low  temperatures  shall  be  sufficient  to  allow  the  total 

mass  of  each  device  under  test  to  reach  the  specified  temperature.  If  carriers  or  hold- 
ers employed  or  other  factors  make  10  minutes  inadequate  to  allow  the  mass  of  each  device 
under  test  to  reach  the  specified  temperature,  the  time  at  thw  temperature  extremes  shall 
be  increased  to  meet  this  requirement.  Temperature  of  worst  case  loads  shall  be  estab- 
lished with  a calibrated  thermocouple (s)  or  other  suitable  temperature  measuring  de- 
vice(s)  appropriately  placed  within  the  chamber  load  area. 

4.  SUMMARY . The  following  details  shall  be  specified  in  the  applicable  procurement 
document : 

(a)  Special  mounting,  if  applicable  (see  3). 

(b)  Test  condition  letter  if  other  than  test  condition  C (see  5). 

(c)  Number  of  test  cycles,  if  other  ihnn  10  cycles  (see  3). 

(d)  End  point  measurements  and  examinations  (see  3.1)  (e.g.,  end  point  elec- 

trical measurements,  seal  test  (Method  1014}  or  other  acceptance 
criteria)  . 
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2.1.3  Thermal  Shock 

The  requirements  of  Method  101 1 . 1 , Cond i t ion  A for  15  cycles  are 
commonly  s])eciried  for  thermal  shock  tests. 

MI1.-STD-883A 

METHOD  lon.l  15  November  1974 

THERMAL  SHOCK. 


1.  PURPOSE.  The  purpose  of  this  test  is  to  determine  the  resistance  of  the  device  to 
sudden  exposure  to  extreme  changes  in  temperature.  These  conditions  may  be  encountered 
in  equipment  o’perated  intermittently  in  low  temperature  areas.  Permanent  changes  in 
operating  characteristics  and  physical  damage  produced  during  temperature  shock  result 
principally  from  variations  in  dimensions  and  other  physical  properties.  Effects  of 
thermal  shock  include  cracking  and  delamination  of  substrates  or  wafers,  opening  of  ter- 
minal seals  and  case  seams,  and  changes  in  electrical  characteristics  due  to  moisture 
effects  or  to  mechanical  displacement  of  conductors  or  insulating  materials. 

2.  APPARATUS . Suitable  temperature  controlled  baths  containing  liquids  shall  be 
chosen  to  obtain  the  temperature  excursion  specified  in  the  table  of  test  conditions 
(sec  3)  and  within  the  indicated  tolerances. 

3.  PROCEDURE.  The  device  shall  be  preconditioned  by  being  immersed  and  in  intimate 
contact  with  a suitable  liquid  at  the  tem.perature  specified  in  step  1 of  the  specified 
test  condition  for  a minimum  of  5 minutes.  Immediately  upon  conclusion  of  the  precon- 
ditioning time,  the  device  shall  be  transferred  to  a liquid  at  the  temperature  specified 
In  step  2 of  the  specified  test  condition.  The  device  shall  remain  at  the  low  tempera- 
ture for  a minimum  of  5 minutes* and  then  be  transferred  to  a liquid  at  the  step  1 temper- 
ature. The  device  shall  remain  at  the  high  temperature  for  a minimum  of  5 minutes. 
Transfer  time  from  high  temperature  to  low  temperature  and  from  low  temperature  to  high 
temperature  shall  bo  less  than  10  seconds.  Unless  otherwise  specified,  using  test  con- 
dit  ion  A,  the  duration  of  the  test  shall  be  15  complete  cycles,  where  one  cycle  consists 
of  proceeding  from  step  1 to  step  2 and  back  to  the  beginning  of  step  1. 

3.1  Measurements.  After  completion  of  the  final  cycle,  an  external  visual  examina- 
tion shall  bo  performed  for  evidence  of  defects  or  damage  to  case,  leads,  or  seals,  cr 
loss  of  marking  legibility  resulting  from  testing.  This  examination  and  any  additional 
specified  measurements  and  examination  shall  be  made  after  completion  of  the  final  cycle 
or  upon  completion  of  a group,  sequence  or  subgroup  of  test  which  include  this  test. 


Thermal  shock  test  conditions 
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Suggested  thermal  shock  fluids 


Test 

condition 

A 

B 

C 

D 

E 

F 

r 1 u i d 

1 1 u i d s 

Fluids 

Fluids 

Fluids 

Fluids 

Water  — 

rc  fd 

FC40 

ft  H 
FC40 

t 

S-i44eorr 
oid  or 
UCON  100 

Ft  V c f K 
FC40 

1 ^ / i.' 

Si  1 i-con 
oil  or 
UCON  100 

BB 

Water 

FC77 

FC77 

FC77 

Liquid 

nitrogen 

Liquid 

nitregon 

NOTES: 

1/  Water  is  indicated  as  an  acceptable  fluid  for  this  terporature  range;  its  suit 
~ ability  chemically  shall  be  established  prior  to  use. 

2.  Ethylene  glycol  shall  not  be  used  as  a thennal  shock  test  fluid. 


4.  SUkttARY.  The  following  details  shall  be  specified  in  the  applicable  procurement 
document : 

(a)  Special  isounting,  if  applicable. 

(b)  Test  condition  if  other  than  test  condition  A (see  3). 

(c)  Number  of  test  cycles  if  other  than  15  cycle.s  (see  31. 

(d)  End  point  me.isuremcnts  and  examinations  (see  3.1)  (e.g.,  end  point  electri- 

cal neasurements,  seal  test  (Method  1014)  or  other  acceptance  criteria). 
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1.  PURPOSr  . The  burn-in  test  is  pcrfomcJ  for  the  purpose  of  screening  or 
eliminating  marginal  devices,  those  with  inlierent  defects  or  defects  resulting  from 
manufacturing  aberrations  whicli  are  evidenced  as  time  and  stress  dependent  failures. 

In  the  absence  of  burn-in,  ti.ese  defective  devices  would  be  expected  to  result  in  infant 
mortality  or  early  lifetime  failures  under  use  conditions.  Therefore,  it  is  the 
intent  of  this  screen  to  stress  mi  croci  rcui  t s at  maximum  rated  operating  coiiditions  or 
to  apply  equivalent  screening  conditions  which  will  reveal  time  and  stress  dependent 
failure  modes  with  equal  or  greater  sensitivity. 


2.  APPARATUS,  Details  for  the  required  apparatus  shall  be  as  described  in  Method 
1005. 

J.  PROCEOUlU:.  The  microelectronic  device  shall  be  subject  to  the  specified  burn-in 
screen  test  condition  (see  3.1)  for  160  hours  minimum  duration  and  ambient  test  temper- 
ature unless  otherwise  specified.  Lead,  stud  or  case  mounted  devices  shall  be  mounted 
by  the  leads,  stud  or  case  in  their  normal  mounting  configuration  and  the  point  of  con- 
nection shall  be  maintained  at  a temperature  not  less  than  the  spce-‘‘i''d  temperature. 
Pre  and  post  burn-in  measurements  shall  be  made  as  specified. 


3.1  Test  conditions.  Basic  test  conditions  are  as  shown  be  tails  for  each  of 

these  condi tions , except  where  noted,  shall  be  as  described  in  Methow  iOOS. 


(a) 

Test 

condition 

A 

(b) 

Test 

condition 

R 

(c) 

Test 

condition 

C 

(d) 

Test 

condit ion 

D 

(e) 

Test 

condition 

1 

(f) 

Test 

condition 

F 

Steady-state,  reverse  bias. 
Steady-state,  power. 

Steady-state,  power  and  reverse  bias. 
Parallel,  scries  excitation. 

Ring  oscillator. 
Temperature-accelerated  power. 


3.2  Measurements . Pre  burn-in  measurements,  when  specified,  shall  be  conducted  prior 
to  .applying  burn-in  test  conditions.  Unless  otherwise  specified,  post  burn-in  mcasuie- 
menls  shall  be  completed  within  96  hours  after  removal  of  the  devices  from  the  specified 
burn-in  te.st  condition  and  shall  include  all  25°C  DC  pnr;u;ictcr  measurcicnts  (subgroup  A-1 
of  method  sons)  and  all  p.aramcters  for  which  delta  limits  have  been  specified  as  interim 
(post  burn-in)  electrical  measurements.  Delta  limit  .acceptance  when  applicable  shall  Ic 
based  on  this  measurement  within  96  hours. 


3,2.1  Mcasurcrcnts  following  reverse  bias  life.  hTicn  devices  arc  measured  followiitg 
application  ot  test  conation  A,  C or  T,  they  shall  be  cooled  to  room  temperature  prior 
to  the  removal  of  bias  Alternatively , unlcs.s  otherwise  specified,  the  bias  nay  be  re- 
moved during  cooling  provided  the  case  temperature  of  devices  under  test  is  reduced  to 
a maximum  of  3S°C  within  30  minutes  after  removal  of  the  test  conditions.  All  specified 
2S'C  electrical  ir.casurtmcnts  sl.all  be  completed  prior  to  any  reheating  of  the  devices 
and  all  specified  electrical  measurements  shall  be  completed  within  96  hours  after  re- 
moval of  life  test  bias. 


"Interruption  of  hlas(es)  during  tt.insfer  of  devices  between  Mas  supplies  for 
cooldown  (total  time  ol  Interruption  less  than  one  minute)  shall  not  be  considered 
reaoval  of  bias.” 


J . 1 . I ( (,'ont  . ) Bui'm  - I n Tost 
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3.2.2  Test  nonitorinR.  The  test  setup  shall  be  monitored  at  least  initially  and  at 
the  conclusion  o^  the  test  to  establish  that  all  devices  are  heiny.  stressed  as  require.! 
for  the  specific  test  condition.  Cach  device  docs  not  have  to  be  cheeleJ  hut  samplinp. 
techniques  nay  be  used.  VI'.ere  failures  occur  which  result  in  removal  of  the  required 
test  stresses  for  any  period  of  the  required  duration  (see  3.1),  the  test  shall  be  ton- 
tinued  to  assuic  actual  exposure  for  the  total  mininun  specified  duration. 

4.  SUMMARY . The  follouinp  details  shall  be  specified  in  the  applicable  procurement 
document : 

(a)  Test  duration  if  other  than  160  hours  (see  .3). 

(b)  Test  condition  letter  and  burn-in  test  circuit  with  appropriate  details  for 

inputs,  outputs,  biases,  and  power  dissipation  as  applicable  (sec  3.1). 

(c)  Burn-in  test  temperature  and  whether  ambient  or  case  (see  3).  Unless  other- 

wise specified,  the  test  temperature  shall  be  the  maximum  ambient  oper- 
ating temperature  of  the  device  bcinp  tested. 

(d)  Test  mount  inp,  if  other  than  normal  (sec  3). 

(e)  Pro  burn-in  measiircnents  when  applicable  (see  3,2). 

(f)  Special  maximaa  tost  ratiny  for  test  condition  F. 

(g)  Post  bum-ip  measurements  (see  3.2). 

0>)  Time  to  coD^lete  post  bum-in  measurements  if  other  than  specified  (see  3.2). 
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MliCllANICAI.  TIiSTS 


Ihe  most  common  mechanical  stresses  required  are  shock,  vilMation, 
and  constant  acceleration. 

2.2.1  Shock  Test 


The  requirements  of  Method  200  2.1  , Condition  B,  for  five  (.1) 
shocks  in  six  (h)  directions  are  often  specified  for  meclianical 
shock  tost  ing . 


MKTHOD  2002.1 
MECHANICAL  SHOCK 


MIL-STD-883A 
IS  November  1971 


1.  PURPOSE.  The  shock  test  is  intended  to  determine  tlie  suitability  of  the  devices 
for  use  in  electronic  equipment  which  may  he  subjected  to  moderately  severe  shocks  as  a 
result  of  suddenly  applied  forces  or  abrupt  chany.es  in  motion  produced  by  rour.h  handling, 
transportation,  or  field  operation.  Shocks  of  this  type  may  disturb  operatiiij;  charactet- 
istics  or  cause  damage  similar  to  that  resulting  from  excessive  vibration,  j)articularly 
if  the  shock  pulses  are  repetitive. 

2.  APPARATUS.  The  shock-testing  apparatus  shall  bo  capable  of  providing  shock  pulses 
of  500  to  30,0u0  G (peak)  as  sj'ccified  with  a pulse  duration  between  O.I  and  1.0  msec, 

to  the  body  of  the  device.  The  accelcr?"  ion  pulse,  as  dcteitnined  from  the  unfiltcred 
output  of  a transducer  with  a natural  frequency  greater  than  or  equal  to  five  tines  the 
frequency  of  the  shock  pulse  being  established,  shall  be  a half-sine  waveform  with  an 
allowable  distortion  not  greater  than  ?20  percent  of  the  specified  pe.ik  acceleration. 

The  pulse  duration  shall  be  measured  between  the  points  at  10  percent  of  the  I'eak  accel- 
eration during  rise  time  and  at  10  percent  of  the  peak  acceleration  during  decay  time. 
Absolute  tolerances  of  the  pulse  duration  shall  be  the  greater  of  10. 1 millisecond  or 
t30  percent  of  the  specified  duration. 

J.  PROCEDURF . The  shock-testing  apparatus  shall  be  mounted  on  a sturdy  laboratoiy 
table  or  equivalent  base  and  leveled  before  use.  Tlie  device  shall  be  rigidly  mounted  or 
rcstiaincd  by  its  case  with  suitable  protection  for  the  leads.  Means  may  he  provided  to 
prevent  the  shock  from  being  repeated  due  to  ''bounce"  in  the  apparatus.  Unless  otherwise 
specified,  the  device  shall  be  subject  to  5 shock  pulses  of  the  peak  (G)  level  specified 
in  the  selected  test  condition  and  for  the  pulse  duration  specified  in  each  of  tlie  orien- 
tations Xj , X^,  Yj,  Yj,  Zj,  and  Z^,  For  devices  with  internal  elements  mounted  with  the 

major  plane  jicrpendicular  to  the  Y axis,  the  Yj  orientation  shall  bo  defined  as  that  one 

in  which  the  clement  tends  to  be  removed  from  its  mount  (orientations  of  4,t  of  the 
general  requirements  notwithstanding).  Unless  otherwise  specified,  test  condition  H 
Shall  apply. 


Test  condition 

G Level  (i>eak) 

Duration  of  pulse  (msec) 

A 

soo 

1.0 

B 

l.SOO 

0.5 

c 

3,000 

0.3 

D-- 

5,000 

0.3 

E 

10,000 

0.2 

F 

20,000 

0.2 

G 

30,000 

0.12 

4,  SUWIARY . Ttie  following  details  shall  be  specified  in  the  applicable  procunnent 
doevunent ; 

(a)  Test  condition  if  other  than  test  condition  R (see  J) . 

(b)  Nanber  and  direction  of  shod,  pulses  if  othei  than  specified  (see  J)  . 

(c)  Electrical- load  conditions,  if  applicable  (sec  J). 

(d)  Khen  required,  measurement  made  after  test. 

(e)  When  required,  measurement  during  test. 
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VlFtRATION,  VAIUABLE  FREQUENCY 
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1.  PURPOSE.  The  variable  frequency  vibration  test  is  perfornu'd  (or  the  purpose  of  determin- 
ing the  effect  on  component  parts  of  vibration  in  the  siiecified  frequency  r.inge.  This  is  a di'.ctructivi- 
test. 


2.  APPAHAT^.  Apparatus  for  this  test  shall  include  equipment  capable  of  providinc,  the  k'- 
quired  v’aTiablo  frequency  vibration  at  the  specified  levels  luid  the  neces.s.iry  optical  and  electrical 
equipment  (or  post -test  measurements. 

3.  PROCEDURE.  The  device  shall  be  rigidly  fastened  on  the  vibration  platform  and  the  leads 
or  cables  adcqu.itely  secured.  Dead-mounted  devices  shall  be  mounted  by  their  leads  in  the  normal 
mounting  configuration.  I'he  device  sh.ill  be  vibrated  with  simple  harmonic  motion  having,  an  ampli- 
tude of  either  O.Ofi  inches  double  amplitude  (ma.ximum  total  excursion)  or  the  peak  acceleration  (or 
test  condition  A,  H,  or  C,  as  .specified,  whichever  is  less.  The  vibration  frequency  shall  be  vai  led 
approximately  log.irithmicallv  lietwecn  20  and  2,000  II/.  The  entire  frequency  range  ol  20  to  2,000 
Hz  and  return  to  11/  shall  be  traversed  in  not  les.s  than  4 minutes.  This  < ycb*  shall  be  performed 

4 times  in  each  o!  the  orienbilions  X*  Y,  and  '/,  (total  of  12  times),  so  that  the  motion  shall  be  .ipplied 
for  a total  period  of  approxiniau  ly  48  minutes,  minimum.  Eollowing,  vibration,  tlie  device  shall  be 
subjected  to  the  rpccified  post -test  measurements  and  to  an  external  visual  examination  at  a magiu- 
licution  between  lOX  and  20X  for  evidence  of  d.image  to  package,  leads,  seals,  and  markings.  When 
specified,  devices  with  an  internal  cavity  containing  parts  or  elements  subject  to  possible  movenient 
or  break.age  during,  vibration  shall  be  further  examined  liy  radiographic  e.xamination  in  accordince 
with  method  2012  or  by  delidding  or  opening  and  internal  visual  ex.imination  at  30X  magnification  to 
reveal  damage  or  dislocation.  Where  this  test  is  performed  as  part  of  a group  or  subgroup  of  ie.-.ts, 
the  post-test  measurements  or  inspections  need  not  be  performed  specifically  at  the  cum  lunion  of 
this  test,  but  may  be  performed  once  at  the  conclusion  of  the  group  or  suligroup. 


Test  condition  Peak  acceleration,  G 


A 20 

B 50 

C 70 


4.  SUMMARY.  The  following  details  shall  be  specified  in  the  applicable  procurement  document: 


(a)  Test  Condition  (see  3). 

(b)  Measurements  .after  test  (see  3). 
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METHOD  2001,1 


CONSTANT  ACCELERATION 


1.  PURPOSE . This  test  is  used  to  dctcrnir.e  the  effects  of  constant  acceleration  on 
ricroelcct  ronic  devices.  It  is  an  acceUrated  test  desiRned  to  indicate  types  of  struc- 
tural and  mechanical  wciLt. esses  not  necessarily  detected  in  shock  and  vihraiion  tests. 

It  may  be  used  as  a hif.h  stress  test  to  determine  the  mechanical  limits  of  the  pacKaye, 
internal  ncta 1 1 i tat  ion  and  lead  system,  die  or  substrate  attachment,  and  other  elements 
of  the  microelectronic  device.  By  establ ishiny  proper  stress  levels,  it  may  also  be 
employed  as  ii  in-line  100  percent  screen  to  detect  and  eliminate  devices  i»ith  lower  than 
nominal  al  strengths  in  any  of  the  structural  elements. 

2.  A Constant  acceleration  tests  shall  be  made  on  an  apparatus  capable  of 

app'  ified  acceleration  for  the  required  time. 

P'JRl  . The  device  shall  be  restrained  by  its  case,  or  by  nonaal  mountings, 
and  the  leads  cr  cables  secured.  Unless  otherwise  specified,  a constant  acceleration  of 
the  value  specified  shall  then  be  applied  to  the  device  for  1 minute  in  each  of  the 
orientations  Xj,  X^,  Y,,  Yj,  Zj,  and  Z^.  Eor  devices  with  internal  elements  mounted  with 

the  major  seating  plane  pcr]H’ndicular  to  the  Y axis,  the  Yj  orientation  shall  be  defined 

as  that  one  in  which  the  element  tends  to  be  removed  from  its  mount  (orientations  of 
paragraph  4.4  of  general  requirements  notwithstanding).  Unless  otherwise  specified,  test 
condition  E shall  apply. 


Test  condition 


Stress  level 


A 5,000  j 

B 10,000  i 

C-------  15,000 

D 20,000 

E 30,000 

F 50,000 

G 75,000 

H 100,000 

J 125,000 


4,  SUllMARY.  Tlic  following  details  shall  be  specified  in  the  applicable  procurement 
document ; 

(a)  Amount  of  acceleration  to  be 'applied,  in  gravity  units  (g)  if  other  than 

test  condition  E (see  3). 

(b)  hTien  required,  measurements  to  be  made  after  test. 

(c)  Any  variations  in  duration  or  limitations  to  orientation  (e.g.,  Y.  only) 

(see  3). 

(d)  Sequence  of  orientations  if  other  than  as  specified  (see  3). 
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METHOD  1004.1 

MOISTURE  RESISTANCE 


1.  PUR  ROSE.  TtiC  moisture  resistance  test  is  performed  for  the  purpose  of  evaluating, 
in  an  accelerated  manner,  the  resistance  of  component  parts  and  constituent  materials  to 
the  deteriorative  effects  of  the  hi  gli-humidity  and  heat  conditions  t>'])ical  of  tropical 
environments.  MosT  tropical  degradation  results  directly  or  indirectly  from  absorption 
of  moisture  vapor  .and  films  by  vulnerable  insulating  materials,  and  from  surface  wetting 
of  metals  and  insulation.  These  phenomena  produce  many  typ'es  of  deterioration,  including 
corrosion  of  metals;  physical  distortion  and  decomposition  of  organic  materials;  leacliing 
and  consuming  constituents  of  materials;  and  detrimental  changes  in  electrical  prcpersies. 
This  test  differs  from  the  steady-stat  humidity  test  and  derives  its  added  e f fee t i i t ness 
in  its  employment  of  temperature  cycling,  which  provides  alternate  periods  of  condens.i- 
tion  and  drying  essential  to  the  development  of  the  corrosion  processes  and,  in  addition, 
produces  a "breathing"  action  of  moisture  into  partially  sealed  containers.  increased 
effectiveness  is  also  obtained  by  use  of  a higher  temperature,  which  intensifies  the 
effects  of  humidity.  The  test  includes  a low-tcmpcraturc  subcycle  that  acts  as  an  accel- 
erant to  reveal  otherwise  undiscernible  evidences  of  deterioration  since  stresses  caused 
by  freezing  moisture  tend  to  widen  cracks  and  fissures.  As  a result  the  deter i oi at i in 
can  be  detected  by  the  measurement  of  electrical  characteristics  (including  such  tesls 

»s  voltage  breakdown  and  insulation  resistance)  or  by  perform.incc  of  a test  for  sealing. 
Provision  is  made  for  the  application  of  a polarizing  voltage  across  insulation  to  in- 
vestigate the  possibility  of  electrolysis,  which  can  promote  eventual  Uielcctri';  break- 
down. This  test  also  provides  for  electrical  loading  of  certain  components,  if  Jesi.”cd, 

In  order  to  determine  the  resistance  of  current-carrying  components,  especially  fine 
wires  and  contacts,  to  electro-chemical  corrosion.  Results  obtained  with  this  test  are 
reproducible  and  have  been  confirmed  by  investigations  of  field  failures.  This  test  has 
proved  reliable  for  indicating  those  parts  which  arc  unsuited  for  tropical  field  use. 

2.  APPARATUS.  The  apparatus  used  for  the  moisture  resistance  test  shall  include 
temperature-humidity  chambers  capable  of  maintaining  the  cycles  and  tolerances  described 
In  figures  1004-1  or  1004-2  and  electrical  test  equipment  capable  of  performing  the 
measurements  in  paragraph  3.6  and  paragraph  4. 

3.  PROCEDURE.  Specimens  shall  be  tested  in  accordance  with  3.1  thru  3.6  inclusive, 
and  figures  1004-1  or  1004-2.  Specimens  shall  be  mounted  in  a manner  that  will  e.'cpose 
them  to  the  test  environment. 

3.1  Initial  conditioning.  Prior  to  mounting  specimens  for  the  moisture  resistance 
test,  the  device  leads  shall  be  sub.iectcd  to  a bending  stress,  initial  conditioning  in 
accordance  with  test  condition  Dj  of  Method  2004,  unless  otherwise  specified.  Where  the 

specific  sample  devices  being  subjected  to  the  moisture  resistance  test  have  already  been 
subjected  to  the  required  initial  conditioning,  as  p.irt  of  another  test  employing  the 
same  sample  devices,  the  lead  bend  need  not  be  repeated. 

3.2  Initial  measurements.  Prior  to  step  1 of  the  first  cycle,  the  specified  initial 
measuremciitb  shall  bo  made  at  room  ambient  conditions,  or  as  specilied.  When  specifud, 
the  initial  conditioning  in  a dry  oven  (see  figure  1004-1  or  1004-2  as  applicable)  shill 
precede  initial  measurements  and  the  initial  measurements  shall  be  completed  within  H 
hours  after  removal  from  the  drying  oven. 
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3.J  Number  of  cycUi.  Specimens  shall  be  subjected  to  10  continuous  cycles,  each  as 
shown  on  figure  1004-1  or  1004-2. 


3.4  Sulicvc  1 c . IHiring  step  7,  at  least  1 hour  but  not  Jiiore  thiTi  4 houir  aft'-r  step  7 
begin..,  the  spt’c imen.s  shall  be  cither  remotu'd  Iron  the  hasiiJity  cha''btr,  or  ftic  temp.Ta- 
turi  of  the  chamber  shall  be  leduced,  for  perforr.nmcc  of  step  7a.  After  step  7a,  th' 
specimen.s  shall  be  returned  to  2S*C  at  90  to  98  percent  relative  hua.idity  (lUI)  and  i.epi 
there  until  the  next  cycle  begins.  Tlus  subcyclc  shall  be  perfomed  during  any  five  of 
the  first  nine  cycles. 

3.4.1  Step  7a.  At  least  1 hour  but  not  more  than  4 hours  after  the  beginning  of  step 
7,  the  specimens  shall  be  cither  removed  from  the  humidity  chamber,  or  the  temperature  of 
the  chamber  shall  be  reduced.  Specimens  shall  then  be  conditioned  at  -10'  '2°i , with 
humidity  not  controlled,  for  3 hours  as  indicated  on  figure  1004-1  or  10nl-2.  Mien  a 
separate  cold  chamber  is  not  used,  care  should  he  taken  to  assure  that  the  specimens  art- 
held  at  -10"  f2°C,  for  the  full  3-hour  period. 

3.5  Applied  voltage.  IHiring  the  moisture  resistance  test  as  specified  in  figure 

1004-1  or  1004-2,  when  specified  (see  4),  the  device  shall  he  biased  in  accordance  with 

the  specified  bias  configuration  which  should  be  chosen  to  maximize  the  voltage  differen- 

tial between  chiji  metallization  runs  or  external  terminals,  minimize  power  dissipation 
and  to  utilize  as  many  tcminals  as  possible  to  enhance  test  results. 

3.6  Final  measurenenT  s . Following  s'ep  6 of  the  final  cycle,  devices  shall  be  conili- 

tioned  for  24  hours  at  room  emibiont  condiiions  after  which  an  insulation  resistance  tcsi 

shall  be  performed  in  accordance  with  Method  1003,  test  condition  A.  Tlio  insulation  re- 
sistance test  must  be  completed  within  48  hours  after  removing  the  devices  from  the  eh.iiu- 
bcr.  The  measured  resistance  shall  he  no  less  than  10  megohms.  Mien  the  insiilalion 
resistance  test  is  performed,  it  must  be  recorded  and  data  submitted  as  part  of  tiu 
Group  C end  point  data,  llie  insulation  resistance  test  may  be  omitted  provided  the  spec- 
ified 2S"C  electrical  end  point  measurements  are  completed  within  48  hours  after  removal 
of  the  device  from  the  chamber. 

4.  S1IMM-\RV . Ttie  following  details  shall  be  specified  in  the  apjilicable  proem  enen; 
doc  ament ; 

(a)  Initial  measurements,  and  conditions  if  other  than  room  auhient  (see  3.2). 

(b)  Applied  voltage,  w)ien  applicable  (see  3,5)  and  bias  configuration  when 

required.  This  bias  configuration  shall  be  chosen  in  accordance  with  t)ic 
following  guidelines; 

(1)  Only  one  supply  voltage  (V)  cither  positive  or  negative  is  required, 

and  an  electrical  ground  (or  common  terminal)  CM).  Ihc  magnitude  of 
V will  be  the  maximum  such  that  the  specified  absolute  maximiun  ratings 
are  not  exceeded  and  test  conditions  are  optimized. 

(2)  All  nonaally  specified  voltage  terminals  and  ground  leads  shall  be 

connected  to  GND  unless  otherwise  specified. 

(3)  All  data  inputs,  unless  otherwise  specified,  shall  be  connected  to  V. 

The  polarity  and  magnitude  of  V is  chosen  to  minimize  internal  power 
dissipation  and  current  flow  into  the  device.  All  extender  inputs 
shall  be  connected  to  GND  unless  otherwise  specified. 

(4)  All  additional  leads,  c.g.,  clock,  set,  reset,  outputs,  etc.,  considered 

individually,  shall  be  connected  to  V or  GNP  wliichever  minimizes  cur- 
rent flow. 

(5)  Leads  with  no  internal  connection  shall  be  biased  to  V or  GND  whichever 

is  opposite  to  an  adjacent  lead. 

(c)  Final  measurements  (see  3.6).  Final  measurements  shall  include  all  electri- 

cal characteristics  and  parameters  which  arc  specified  as  end  point  elec- 
trical par.xmetcrs. 

(d)  Number  of  cycles  if  other  than  10  (see  3.3). 

(e)  Conditioning  in  dry  oven  before  initial  measurements,  if  required  (see  3.2). 


J 
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SITIAL  MEASUREMENTS 
AS  SPECIFIEO  IN  S.2 ■ 


■ CIRCULATION  OF  conditioning  air  shall  8E  at  a 
T minimum  cubic  rate  per  minute  equivalent  to' 
.i.  5 times  the  volume  of  the  CHAMOER  I I 


VOLTAGE  APPUEO  AS  SPECIP.'SD  IN  3.5 


IsTEP  To  performed 


^STEP  Tt 


ONE  CYCLE  24  HOURS  REPEAT  AS  SPECIFIED  IN  1.3 


WHEN  RECCO 
('■«  32) 

" 

1 1 

INITIAL  CCN- 
OITIONING  IN 
A DRY  OVCN 
— “C4  hours 

FIGURE  1004-1.  Graphical  represeHtation  of  moisture-resistance  test. 
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TEVPC^ATURE  (OEOSEES  CENTIOHADE) 


-> 
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MOISTURH  RliSISTANCli  THST 


MIL-STD-885A 
15  Ncivcr.ibcr  l j74 


WHEN  PEOO 

(SEE  3.2)  . 

H 1 I 

Jinitial  (ioN-_ 

JDITIONING  IN 
- A CRY  OV'.N  — 

I-*-  2A  hCclRS  H-j 


-H-  HUMIDITY -^1 
UNCONTROLLEOl 


-HUMIDITY  chambers  MAINTAINED  AT  90-98%  RM- 


I SPECIMENS  SHALL  HOT  BE  SUBJECTED  TO  RADIANT 
HEAT  FROM  CHAMCER-CONDITIONINO  PROCESSES  ' 


, I i 

rii'i  H 


^END  OF  Final  cycle  ! 

■ , ^MEASUREMENTS  AS  "p 
; I SFECIFIEO  IN  3.6  


■ INITIAL  MEASUREME 
-AS  SPECIFIED  IN  3. 

I ' 1 > I I 1 


I I CIRCULATION  OF  CONDITIONING  AIR  SHALL  BE  AT 

CEMENTS  MINIMUM  CUBIC  RATE  PER  MINUTE  EQUIVALENT 

N j 2 ItO  5 TIMES  THE  VOLUME  OF  THE  CHAMBER  -i 


7+H 


■VOLTAGE  APPLIED  AS  SPECIFIED  IN  3.5- 


^ i 

‘UNLESS  OTHERWISE  SPECIFIED,  I 
^TEMPERATURE  TOLERANCE  IS  _4 
?2°C  AT  all  POINTS  WITHIN  j 

'the  chamber  except  the  — 
immediate  vicinity  of  the 
TSPECIUENS  AND  the  CHAMBER-* 

'SURFACES  t , I ' r , 


i i i i i ! i ■ I I i I ■ > 

•SPECIMENS  WEIGHING  25  LB  OR  LESS  SHALL< 

I BE  TRANSFERRED  WITHIN  2 MINUTES.  ! 

HEAVIER  SPECIMENS  SHALL  BE  f 

ItRANSFERRED  AS  RAPIDLY  AS  POSSIBLE  t 


r|4 


• I I ' 

Ixh 


;PRI0R  TO  FIRST  CYCLED 
“IwNLESS  otherwise  ) 
r* SPECIFIED »■*■ 


■STEPS  I a 2 


I ! I ! I ' I I i ' I i ‘ I ! i 

— I STEP  To  PERFORMED *■  STEP  To -- 

DURING  ANY  5 OF  THE  FIRST  9 *"• r 

tCYCLES.  HUMIOHY  UNCONTROLLED"'; 1"”' T 

IDURING  STEPS  To  ONLY  I ' ' J. 

STEPS  3 8 4-w-a-STEPS  5S  6 »;  « STEP  T 


-ONE  CYCLE  24  HOURS.  REPEAT  AS  SPECIFIED  jN  3.3  ^ ; •- 

4 3 e 7 e 9 >0  II  !2  I3  >4  I3  IS  IT  IP  I9  20  2I  22  23  24 


FIGURE  1004-2.  Graphical  representation  of  moisture-resistance  test  (alternate 
method). 
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Thr  requ  i romcnts  of  Method  1009.1,  Corulition  A,  are  eorninoti 
criteria  for  testing  the  hybrid's  ability  to  withstand 
salt  atmosphere . 


MlP-S7>-c^3A 

15  November  'i974 

(•CETllOD  1003.1 

SALT  ATliOSPliLRj;  (C0.^F.0SI0\) 


1.  t'L'KPOSn.  This  test  is  pro'r'osc-d  as  an  accelerated  laboratory  corrosion  test  sirii- 
latinc  the  eitccts  of  seacoast  atr.osphcres  on  devices, 

2.  APPARATUS.  Apparatvis  used  in  the  salt-atnosphcre  test  shall  include  the  following'. 

(a)  Exposure  t’.af.ber  with  racks  for  supporting  devices. 

(b)  Salt  -solution  reservoir.  (Tr.e  salt  used  shall  he  sodia’n  chloride  containing 

on  a dry  basis  not  r.ore  than  0.1  percent  of  sodiun  iodide,  and  not  .•ore 
than  0,3  percent  of  total  iup-jritics.  Distilled  or  other  water  used  in 
the  preparation  of  solutions  shall  contain  not  r.ore  than  200  parts  per 
million  of  total  solids.  The  solution  shall  be  kept  free  from  solids  by 
filtralicn  or  decantation.) 

(c)  Means  for  ator.iring  the  salt  solution,  including  suitable  nozalcs  and 

conpressed-air  supply. 

(d)  Chan-.bcr-heatir.g  neans  and  controls. 

I (c)  Means  for  hmidifying  the  air  at  a terperature  above  the  chamber  tempera- 

ture. 

j (f)  Magnifier  5X  to  lOX. 

3.  PROCI'Dl'RE . After  initial  conditioning  in  accordance  with  3.1,  the  device  shall  be 
placed  within  the  test  chai.'ner.  A ?v.lt  atmosphere  fog  having  a tenperature  of  jS'C 
(9S*F)  shall  be  passed  throurh  the  charber  for  the  specified  test  dur.ition  (sec  test 
conditions  below),  Tlie  fog  concentration  and  velocity  shall  be  so  adjusted  that  the  rate 
of  salt  deposit  in  the  tost  area  is  between  10,000  and  bO.COO  rgm/m-Zday . 

3.1  Initial  condi  t i-'-.in'’.  Prior  to  rcuhting  specimens  for  the  sal  t -atmosphere  test, 
the  device  leads  shall  ca  subiected  n a bending  stress,  initial  cond i t ior'.ing  in  .acioi- 
danre  with  test  condition  Sj  o:  'Jethed  20C',  unle-'S  othen.ise  specified.  I'.li'.re  tl.e  s;ec- 
ific  s.'inple  devices  be;n:;  subjected  to  the  salt  ati  osphere  test  iiave  aircady  been  su'o- 

■|  jeeted  to  the  required  initial  conditioning,  as  part  of  another  test  employing  the  sar..c 

i;  sample  devices,  the  lead  bend  need  not  be  repeated. 

I 

I. 

i 
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3.2  l.ongth  o;  t-?t.  Thf  duration  of  exposure  to  the  salt-atnosphere  test  shall  be 
specified  by  spctiiyir."  s test  condition  letter  iron  the  following  table.  Unless  other- 
wise specified,  test  condition  A shall  apply. 


Test  condition 

A 

B 

C 

D 


Length  of  test 

24  hours 
48  hours 
96  hours 
240  hours 


3*3  Exa,tiination.  Upon  completion  of  the  test,  and  to  aid  in  the  exaninations,  de- 
vices shall  ce  prepared  in  the  lol lowing' ranner,  unless  otherwise  specified:  Salt 

deposits  shall  be  rer.cved  by  a gentle  wash  or  dip  in  running  water  not  warier  than  10C°F 
(37.8“C)  and  a light  brushing,  using  a soft-hair  brush  or  soft  plastic  bristle  brush. 


3.3:1  Failure  criteria.  A device  with  illegible  r.arkings  or  when  using  a r.agni  f i cat  i on 
of  SX  to  lOX,  evidence  of  corrosion  or  flaking  or  pitting  of  the  finish  that  will  inter- 
fere with  the  application  of  the  device  shall  be  considered  a f.ailurc. 


4.  SUIMARY . Tr.e  following  details  shall  be  specified  in  the  applicable  procurement 
document : 

(a)  Test  condition,  if  other  than  tost  coiwlition  A (see  3.2). 

(b)  Heasurcr-.cnts  and  cx.a.minations  after  test,  when  applicable  for  other  than 

visual  (see  5,3). 


METHOD  10C9.1 
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SECTION  3 THERMAL  EVALUATION 


! 


Most  electronic  components,  especially  resistors  and  sem i conduct  or 
devices,  generate  heat  in  the  performance  of  their  electronic 
functions.  The  temperature  at  which  they  operate  is  determined 
l)y  the  amount  of  heat  generated  by  the  components,  the  tempera- 
ture of  the  environment,  and  the  heat - trans fer  characteristics 
of  the  materials  between  the  heat  sources  and  the  environment. 

Most  components  are  rated  by  their  manufacturers  as  to  tlieir 
maximum  operating  temperatures,  aiiovc  which  the  component's 
performance  may  be  degraded  or  may  totally  fail.  An  adequate 
thermal  design  insures  that  the  heat  generated  within  each 
component  will  flow  to  the  environment  so  that  the  operating 
temperature  of  the  component  will  not  exceed  its  rated  maximum. 

The  figure  of  three  watts  per  square  inch  has  often  been  used 
as  a safe  limit  for  the  total  dissipation  within  a package 
(the  scpiare  inch  units  refer  to  the  base  area  of  tlie  luickage), 
but  this  generalization  gives  no  information  about  individual 
hot  spots  within  that  package.  The  following  text  describes 
thermal  evaluations  of  individual  components. 

3.1  ELEMH.NTARY  THERMAL  COMPUTATION  TVCHMOUE.S 

ibis  section  describes  thermal  characteristics  and  procedures 
for  determining  approximate  temperature  differences  between 
the  package  surface  and  the  heat  generating  elements  within 
the  package.  This  elementary  presentation  will  not  discuss 
the  complexities  of  determining  the  difference  in  temperature 
between  the  ambient  air  and  the  package  surface.  buch  a 
discussion  is  beyond  the  intent  of  this  text. 
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liLHMIiN'TARY  TlIHRMAl.  COMPUTATION  TP.CIIN  I Qlll'S 


Th rout;hoiit  tills  section,  it  will  be  assumed  tliat  the  conditions 
bein^  analyzed  are  st  eady- state , rather  than  riuctuatityu 
conditions.  Of  the  three  possible  modes  of  heat  transfer  (con 
duction,  convection,  radiation)  conduction  is  the  one  primarily 
applicable  to  hybrids,  and  is  the  only  one  discussed  in  this 
section.  Any  additional  heat  transfer  due  to  convection  or 
radiation  can  be  considered  a bonus.  However,  since  the  amount 
of  that  bonus  is  not  measured,  the  thermal  dcsittn  should  insure 
that  conduction  alone  is  sufficient. 

Die  basic  concept  is  that  the  difference  in  temperature  (i.e., 
temperature  rise)  between  the  case  surface  and  the  heat  pro- 
due  in}>  element  depends  upon  the  thermal  resistance  in  tlie  heat 
flow  path  and  unon  the  amount  of  power  being  dissipated  in  the 
e 1 cment . 

This  concept  expressed  mathematically: 


Ar  = RP 


where  A'f  is  the  difference  in  temperature,  C 

R is  the  thermal  res  i stance, 

P is  the  power  being  d i s s i pa t ed, W 


The  difference  in  temperature  can  be  expressed  as  (Tj  - IT,),  where 
Tj  is  the  temperature  of  the  heat  source  and  T,  is  the  temperature 
of  the  outer  case  surface.  Substituting  into  ITiuation  (1)  gi\es: 


(T,  - T,) 
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Tlu'rmal  resistance',  as  applied  to  liyhrid  m i c roc  i re  u i t s , typical  Iv 
means  the  thermal  resistance  between  the  power  dissipating  element 
and  the  outer  surface  of  the  package  case.  When  the  heat  fl  oi% 
path  is  through  several  different  materials  in  a series,  the  total 
resistance  is  the  sum  of  the  individual  resistances. 

bxpressed  mathematical ly: 

1^  = R , + R , + R,  ( .^ ) 

1 i •) 

The  thermal  resistance  through  one  material  is; 


in  which  the  common  mixed  (metric  and  linglish)  units  are: 

R]^  = thermal  resistance,  °C/IV 
X = material  thickness,  in. 

Kj  = thermal  conductivity  of 
material,  W/°C  (in.) 

Aj  = cross-sectional  area  of  heat  path,  in." 

This  expression  (Ftiuation  4)  defines  only  the  predictable  resist 
ance  through  the  material  itself.  An  additional  resistance 
exists  at  the  interface  between  two  materials.  The  amount  of 
interface  resistance  depends  primarily  on  the  total  surface 
contact  between  the  bonding  agent  and  the  two  materials.  Air 
gaps  between  the  surfaces  increase  the  interface  resistance. 
Solder  bonds  and  eutectic  bonds  create  good  molecular  inter 
faces  with  very  low  resistances  (assuming  no  gaps  within  t lie 
total  bonded  areas).  Tpoxies,  on  the  other  hand,  ilo  not  create 


I 


.A  - .A 


3.1.1  ( lion  t . ) 


The  niKi  1 Res  i st  a nee 


moleeular  bonds  and  can  also  have  high  interface  resistances 
arising  trom  tiny  gaps  caused  by  the  surface  roughness  of  the 
two  materials.  Empirical  testing  of  epoxy  bonds  has  demon- 
strated an  increase  in  resistance  of  as  much  as  201,  above  that 
predicted  for  the  epoxy  itself,  and  as  much  as  a lO^o  increase 
in  solder  bonds.  Later  calculations  in  this  text  will  arbi- 
trarily add  .SI,  resistance  to  each  solder  Joint  and  10‘i  to  eacii 
epoxy  Joint. 

Thermal  conductivity  is  an  inherent  property  of  the  material  lu'ing 
considered.  In  .Section  .3 . .3 , the  thermal  conductivity  is  given 
foi-  various  hybrid  materials. 

ihe  c ross  - sec  t i ona  1 area  of  the  heat  jiath  shouUl  be  calculated 
one  of  two  ways,  depending  on  the  con  f i gui'at  i on  o I'  the  material. 
One  calculation  method  is  used  when  the  heat-path  cross  section 
is  a vertical  column  with  a constant  cross  section  throughout 
the  thickness  involved.  The  other  method  assumes  that  the  heat 
path  is  spreading  out  at  a 45  degree  angle  because  the  material 
through  which  the  heat  will  flow  is  wider  th.an  the  dissiiiating 
element.  both  methods  are  usually  reipiired  when  computing  the 
total  resistance  through  several  types  of  materials. 

Tigure  3.  1.1-1  depicts  a sectional  view  of  a tvpical  hybrid. 

.\  semiconductor  chip  is  mounted  on  a ceramic  substrate,  which 
is  in  turn  mounted  within  a kovar-metal  package. 

The  heat-generating  elements  of  a semiconductor  chi|i  arc  located 
inside  the  chip  near  the  top  surface,  and  do  not  usually 
occupy  the  entire  surface  area.  Tor  the  purposes  of  simplifying 
calculations,  assume  that  the  heat  is  dissijiated  over  the  central 
half  of  the  surface  area,  and  that  it  is  dissipated  oji  the  surface 
of  the  chip. 


3.1.1  I C!on t . ) 


1 henna  1 Resist  anee 


Re  1 erring  back  to  I'igure  3.  1.1-1,  the  e ross  - see  t i ona  1 ;irea 
through  the  silicon  chip  should  be  calculated  in  two  jiarts. 

I'or  the  first  4 mils  the  heat  will  be  spreading,  thei'el'ore  the 
mean  flow  path  is  applicable.  Then,  because  the  lieat  can  not 
spread  any  further,  the  actual  chip  dimensions  dictate  the 
cross  section. 


Using  the  values  of  thei’inal  conductivity  from  Section  3.3,  the 
thermal  resistance  of  the  heat  flow  path  in  Figure  3.1.1-1  can 
be  calculated  as  follows: 


1 ( s i 1 i c o n ) 

^ 2 ( s i 1 icon) 
R-  , 

•I  ( ei)oxy ) 


. 00  4 


(2.13) 

(.021  X 

“oTlT 

.00  2.^ 

(2.13) 

( .02  3 X 

. 0 23  ) 

.001  3 

(.(t44) 

(.023  X 

. 0 IT) 

.34  . .34 


4.2(1 


1.30 


.\(.ld  1 0 " for  i nte  r face  res  i s t ancc  : 
34.34  + 3.43 


’^4  igr'I'-l) 

3 ( a 1 urn  i na) 
(1  f epoxy  ) 


.000  1 

( 7 . 3 ) ( . 0 2 3 1 X 

.02  31) 

. 0 23 

( .3:')  ( .0302  X 

.0302) 

.00  3 

r.  OOP)  ( .(l-'32  X .0~'32) 


1 


Ai.Id  10  o for 
Conduct  i V i t y at 


= S8.42 

i n t r face  re  s i s t ance  : 

S8 . I 2 ♦ 8.84 
80'\'  (see  Section  3.3). 


30.00 

0.0  2 ^’’c/iv 


2(1.8  1 


o".2(i 


3.1.1  ( Con  t . ) 


11)0  rmal  Resistarue 


1 

I 


'^7(kovar)  ( . 4 9 ) ( . 09 .3 2 .x  .09.32)  ~ ^ 

The  total  rc.si  stance  R = 1 9 4 . .3  4 ”C/IV 

Note  that  the  presumed  thickness  of  1-C  mils  (.038!  mm)  for  the 
conductive  epoxy  under  the  chip  is  conservative.  A tliickness 
of  1 mil  (.0254  mm)  or  less  is  more  common.  Note  also  that  in 
spite  of  the  fact  that  the  conductive  epoxy  is  only  half  the 
thickness  and  has  seven  times  the  conductivity  of  the  non- 
conductive,  its  resistance  is  still  67"  of  that  of  the  non- 
conductive  epoxy.  This  is  because  the  non - conduc t i ve  epoxy 
has  a larger  cross  section. 

The  percentage  of  resistance  contributed  by  the  thin  gold 
mounting  pad  is  so  small,  it  is  often  ignored. 

,\n  important  consideration  is  the  effect  on  the  lieat-flow  paths 
of  two  chips  located  relatively  close  to  each  other.  If  the 
heat-flow  paths  overlap,  each  is  effectively  reduced  in  area. 

The  amount  of  influence  on  each  other  depends  upon  the  power 
being  dissipated  by  each  chip.  A complete  analysis  of  such 
variables  is  beyond  this  text.  However,  a simplified  and  more 
conservative  approach  is  as  follows; 

Assume  that  neitiier  path  overlaps  the  other  but  rather  tnat  the 
spreading  of  each  one  stops  at  the  intersection  point,  and  from 
that  point  on  there  is  no  further  spreading  of  either  path. 

Figure  3. 1.1-3  illustrates  this  reduction  of  the  heat  flow  paths. 
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Assume  no  further  heat  spreading  below  intersection  points  a and  b. 
Dimensions  shown  are  in  inches. 


Metric  1 

Equivalents 

in . 

mm 

.0  20 

. 50  8 

.025 

.63  5 

.037 

.94  0 

.062 

1.575 

.115 

2.921 

Figure  3. 1.1-3  THERMAL  MODEL  OF  ADJACENT  CHIPS  AND  RI-DIICED 
HEAT -FLOW  PATHS 
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3.1.1  ICont.)  Ttiermal  Resi.stancc 


rigure  .3.1.1-.3  .sliows  that  for  Chip  one  side  of  the  heat  j)atli 
is  restricted,  the  other  three  sides  continue  to  spread  at  4 .S 
degrees.  Because  the  heat  path  changes  its  shape  within  the 
thickness  of  the  substrate,  the  resistance  through  the  substrate 
should  be  calculated  in  two  separate  parts.  The  first  part  is 
from  the  top  of  the  substrate  down  to  the  level  of  tlie  inter- 
section point  with  the  path  from  Cliip  R.  The  second  part  is 
from  the  intersection  point  to  the  bottom  of  the  substrate.  liacli 
part  has  its  own  mean-flow  path.  The  heat  paths  through  the  epoxy 
and  package  are  also  restricted  on  one  side.  Tliese  also  have 
modified  heat  paths.  Figure  3. 1.1-4  shows  these  modified  patlis 
and  indicates  the  dimensions  to  be  used  for  each  portion. 

With  the  exception  of  the  first  portion,  the  cross  section  oi' 
eacli  nortion  is  now  a rectangle  with  unequal  sides.  The  pre 
vious  cross  sections  were  all  perfect  stpiares. 


If  the  chip  in  Figure  3.  1.1-1  was  in  the  position  of  Cliip  A 
in  3. 1.1-3,  then  using  the  dimensions  shown  in  Figure  3. 1.1-4, 
the  resistances  througli  the  substrate,  enoxv  and  nackage  could 
be  recalculated  as  follows. 


a ( a 1 um 1 na  ) 

.Sb  ( a 1 um  i na  1 

(epoxy ) 

\dd  10”,  for 

*"  ( kova r ) 


. 0 1 3 .S 


{.l-J)  ( .04  3.3  X 
.0005 



(.37) (.0652  X 

.0685) 

.003 

( .006) ( .0635  X 

.0752) 

erface  resistance;  07 

.020 

7 1 1 ( n - Q c 

t \ I’l  r.  ^ 

= o7.()p'\:/u 

0 (i  + 0 . T 0 (1 


= . ■’  :''c  MV 

= 3.03'\:/i-; 

= 1 On  . •'•'‘\7',V 


The  total  resistance  R = 2('S . 3.S^C/'i’ 
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(Package  Mean-Flow  Path 
Li  (.0785  X ,0952) 

In  the  dimensions  for  each  heat  path,  the  first  dimension 
is  the  one  shown  in  the  sketch,  the  second  is  the  tiimension 
perpendicular  to  it. 

Dimensions  shown  in  the  sketch  arc  in  inches. 

Metric  Hquivalents  Metric  Equivalents  Metric  l■.qu  i va  1 ent  s 


1 n . 

mm 

i n . 

mm 

i n . 

mm 

.0030 

.0762 

.0  200 

.5080 

068  5 

1 . 7399 

■ .00325 

.0825 

.0250 

.6350 

0 7 5 2 

I . 9 1 0 1 

.006  5 

. 1651 

,0435  1 

.1049 

0 7 8 5 

1 . 9‘hS9 

.0185 

.4699 

.0652  1 

.6561 

09  5 2 

2.4181 

Figure  3 . 1 . 1 - 4 

MOD  1 F I FD 

IIFAT  PATHS 

FOR  AD.IACFNI 

CHIPS 

3-11 


3.1.1  ( Cont . I 


Thermal  Resistance 


Referring  again  to  Figure  3. 1.1-3,  the  reduction  on  one  siile 
of  Chip  H is  the  same  as  for  Chip  .‘\ . Ihe  other  side  of  R 
would  have  no  reduction  through  the  substrate  hut  only  througli 
the  package  base.  Chip  C would  only  have  a reduced  mean- flow 
path  through  the  package  base. 

3.1.2  Temperature  Rise 

Assuming  the  chip  in  Figure  3. 1.1-1  is  dissi[)ating  30  milli- 
watts, the  calculation  of  the  temperature  rise  is 

AT  = 194.34°C/W  .x  0.0  5 W = 9.7°C 

1 f the  package  case  is  at  100°C,  the  operating  temperature 
of  the  chip  element  will  be  ^ 110°C,  which  is  below  the  common 
rating  of  125°C  for  many  silicon  semiconductors. 

Using  the  modified  heat  paths  of  Figure  3.  1.1 -4,  tiie  temneratuie 
rise  is 

AT  = 208.35°C/1V  X 0.05  IV  = 10.4°C 
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3.1.2  Temperature  Rise 


Tfiis  would  be  an  increase  of  only  0.7  abOv'c  that  of  the 
unreduced  heat  path.  Such  an  increase  is  insignificant.  However, 
when  the  heat  path  is  reduced  on  more  than  one  side,  tlic  influence 
can  be  important. 


Referring  to  the  resistance  of  figure  3. 1.1-1,  it  is  worth  noting 
the  difference  in  temperature  rise  when  substitutions  are  made 
for  the  epoxies.  All  other  factors  being  equal,  if  solder  were 
substituted  for  the  conductive  epoxy  under  the  chip,  the  numbers 
wo u 1 d be 


1)  - .0015  _ T TT  o,,/,. 

'\3(solder)  ( 1.08)  (.025  x .025) 

Add  5“o  for  interface  resistance;  2.22  + .1  1 = 2.33  °C/W 
I'he  total  resistance  R = 136.68  °C/W 

AT  = 6.83  °C 


Substituting  solder  only  under  the  substrate  gives 

}]  - -00^ _ in  ® c ’ / k' 

'\){  solder)  ( 1.08)  (.0752  x .0752) 

Add  5"  for  interface  resistance  .40  + .024  = .514  ^\V1V 


The  total  resistance  R = 97.59  °C/lv’ 


AT  = 1.9 


It  is  clear  that  low  conductivity  material,  even  when  the  thiokiu"; 
is  small,  can  make  a significant  difference. 


.'^.1.2  (Cont.)  I'cmperaturc  FUse 


The  calculation  of  the  temperature  rise  proceeds  tlie  same  as 
before. 


^ 1 f s i 1 icon) 

2 ( s i 1 icon) 

^^5(eutect  ic) 
Add  5°j  for 


. 004 

(2. 13) ( . 021  X 

. 021) 

.00  2 

(2.13) (.025  X 

.0  25) 

.001 

(7.5) (.025  X . 

. 0 2 5) 

interface  resistance; 


.213 


= 4.258  "c/lV 
= 1.502  ”c/lV 


.213  + . 0 J 1 

^ . 005 

' 4 (mo’ ybdenum)  ( 3 . 7 ) ( . 0 3 0 x .030) 

P ^ .005 

(mo  1 ybdenum)  (3  . 7)  ( . 03  5 x 7035) 

()(cpoxy)  = (-.044)  (.  035  x .035)  " 27.83 

Add  10^  for  interface  resistance; 


.2  24  °C/IV 
1.501  ^’’C/IV 

1.103 


27.83  + 2.78 


3 0.01  '^’(7 IV 


'^7  (gold) 

^^8  ( a 1 urn  i na) 
*S(cpoxy) 


. 0001 

(7.5)(.0351)  X 

.035  1 ) 

. 0 25 

(.37) (.0602)  X 

. 0002) 

. 005 

(.006) (.0852  X .0852) 


= 0.01  (7 IV 

= 18.04  ‘\-/lV 

= 08.88 


Add  10°6  for  interface  resistance; 


08.88  + 0.88 


= "5.~0  '\7lV 
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The  ?)()"  decrease  in  temperature  rise  using  the  moly-tah  is 
achieved  in  spite  of  the  fact  that  the  heat  path  is  longer.  The 
spreading  more  than  compensates  for  the  longer  heat  path. 

Note  that  the  moly-tah  was  only  10  mils  wider  than  the  chip,  and 
because  of  its  10  mil  thickness,  it  did  not  take  full  advantage 
of  the  potential  spreading.  If  surface  space  permits,  the  moly- 
tah  size  should  take  full  advantage  of  the  spreading  (i.e.,  the 
difference  in  width  between  the  moly-tab  and  the  chip  should  be 
twice  the  moly-tab  thickness). 

.^.2  BhAM  MiAD  AN'ALV.SIS 


file  heat  flow  path  that  conducts  the  heat  away  from  an  inverted 
beam- leaded  chip  is  divided  into  the  several  parallel  paths 
formed  by  the  leads  themselves.  The  calculation  of  the  resistance 
through  those  paths  is  the  same  as  the  calculation  of  electrical 
resistances  in  parallel.  The  inverse  of  the  total  I'esistance  is 
equal  to  the  sum  of  the  inverses  of  the  individual  resistances. 

1 = _L  . .1  . _L 

R R,  R,  R, 

where  R = total  resistance 

Rj , R,,  et  al  = Resistances  of  the  individual  beams 
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(Cont.)  BHAM  LiiAP  ANAI.VSIS 

The  resisrance  throunh  ati  individual  beam  is  ealeulated  as  a 
heat  tlow  path  havinj>  a constant  cross  section,  since  there  i I 1 
be  no  heat  spreadiiu;  throuithout  the  length  of  the  beam. 

_ he  Myth 

I ( Conduc  t i V i t y ) ( C ros s Sec  t i ona 1 A r ea T 

(iold  is  tlie  most  common  beam  lead  material. 

lor  the  cross-sectional  area,  use  the  undeformed  cross  section.il 
area  of  the  beam. 

The  length  can  be  taken  as  shovMi  in  l->  iie  s.J  1. 


fi.004)A 


.0005  — , 
Typ  beam 
thickncs.s 


~r777fW^ 


77Jr 


A/; 


B/2 

.005 

T yp  Ch  i p 


1 


7777 


|i — 


.010) 


rnnnirn'nn;  n 

Sub St  rate 


Hold  Beam  lead 


/ 

ZSubs  t i ;i 

/ 


me  mounting  I'.id 


Fn  in  > TT 


A k 


Length  of  beam 


Dimensions  given  in  inches. 


Mo  t r i J^u  i va  1 enjt 
i n . mm 


.000  5 ".0  127“ 

.00.^1)  .oTo: 

. 004  0 . 1 0 1 (1 

.0  100  .d.'^JO 


■ i gu  re  .5.2-1 


u;.\r, Til  OT  BbAM  l.liAD 


3.:  (Cont.)  Bt-IAM  Ll-AH  ANALYSIS 

1-or  a single  beam  R,  = nn^C/W 

Assuming  equal  heat  distribution  through  sixteen  beams,  the 
total  resistance  is; 


J_  ^ lb 

R (i  6 b . b b ’ 


R = ll.bb‘V/K 


The  heat  flow  paths  that  spread  from  the  beam'^  tluough  the  suli 
St  rate  describe  complex  ov^erlapping  patterns  due  to  the  close 
proximity  of  the  beams  to  each  other.  A simplified  model  of  the 
paths  through  the  substrate  is  depicted  in  figure  .3.2-2.  The 
model  shows  no  overlap  between  any  of  the  .adjacent  p.aths.  this 
is  a conservative  approach,  and  the  calculations  will  indicate 
higli  resistances.  Designs  that  can  jiass  such  stringent  appr.ais.il 
should  have  adequate  heat  transfer. 


In  Figure  3.2-2,  the  mean  flow  cross-sectional  area  for  an 
individual  heat  path  would  be:  .010  x .029. 

bach  individual  resistance  would  be; 


' 1 t a 1 urn  i n a j 


.02-3 

37j  f .01  0 X .0291 


23  2.99‘\:/K 


If  the  chip  has  sixteen  beams,  the  total  resistance  through  the 
substrate  would  be: 


R 


1 
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BliAM  I.liAl)  ANALYSIS 


a.  Side  View  of  Heat  Paths  b.  hiul  View  of  Heat  Patlis 


Dimensions  are  in  inches 


Met  r i c JAi^u^rv'ji  lj;;^nt  s 
i n . mm 


.004 
.010 
. 0 25 
.0  20 


.102 
.25  1 
. 05  5 

.75:’ 


I'igure  5.2-2  BILAM  I, HAD  IIP.AT  PAIIIS  TIIUODGII  SUBSTRATi: 

Continuing  the  assumption  that  oacli  of  the  sixteen  jiatlis  carries 
the  heat  oipially,  the  total  will  ho: 


1_ 

'a  1 urn  i na 


10 


2 5 2. 0 0 


K , 

a 1 urn  1 n a 


1 I . 5o‘\:/h 


(Coat . ) 


BI-;AM  I.IiAH  ANAI.YSIS 


The  resistance  through  the  package  base  can  otten  he  treati'd 
as  a single  heat  path,  since  the  heat  reaching  the  package  is 
uniformly  distributed  over  the  area  fdue  to  the  spi'eading  tiirough 
the  sulistrate).  However,  for  a large  chip  the  spreading  tiirough 
the  substrate  may  not  cover  the  entire  area  under  the  chip, 
figure  3.2-3  illustrates  how  the  chip  size  affects  the  lieat  path 
through  tlie  substrate  and  package  base. 


Solder 

Bond 


Note:  Tlic  location  of  point  B is  determined  bv  cliip  size  ''A”. 

figure  3.2  3 Ulll’  .SlZf.  VfRSUS  llfAT  PATH  ■niROUGH 
SHBSiRATi:  ANT)  P’ACK'Ardi 


fhe  heat  path'^  '^hown  converging  at  point  B (bottom  of  substrate) 
describe  an  ideal  con  f i gu  r a t i on  (no  overlap  of  the  luiths  through 
the  substrate  and  a single  path  through  the  package  base). 
Ohvioulv,  the  chip  size  (dimension  A)  determines  the  location 
of  point  B.  In  the  configuration  shown,  the  chip  dimension  \ 
would  need  to  be  .UM  in.  (1.118  mm).  for  a chip  larger  than 


(C.ont.)  l.liAH  ANAI.YSIS 

.090  in.  (J.2So  inm ) , point  B would  Ih'  lie  low  t ho  ])aok;mo  has 
I'ijL’ure  a.J-4  shows  the  case  for  wliieh  t lie  iioint  Bj  is  above 
the  bottom  of  the  substrate.  The  heat  jiath  throuitl'  the 
substrate  should  Ih'  divided  into  three  parts,  two  parallel 
paths  havinjt  lengths  down  to  point  Bj,  and  the  third  path 
I rorn  Bj  to  the  bottom  of  the  substrate.  Tij;ui-e  . d 1 show- 
the  three  mean- flow  patlis.  (Hie  eoneeiit  is  the  same  as  nri 
viously  used  in  l iiture  .^.1.1  I for  adiaeent  eliips.l 


Path  1 k- 


Subs  t rate 


Leiuttli  ol  Pa  til 


Point  B, 


Pa  til  7i 

Mean -Plow  Path  from  Bj  to 
Bottom  of  Substrate 


iiture  MOblPlPn  MPAN'- PbOU  PATHS  TOR  HI  \M  I 1 Ani  lt  fllll 


7s.  1 (Coin.)  BI-.AM  I.tiAll  ANAl.YSIS 

If  t ho  point  Hj  wns  ho  1 ow  tho  sul'strato  hut  within  tho  tliioknoss 
of  tho  pnokaito,  moJifici.1  iicat  paths  would  lio  U'Oil  for  only  tho 
pa 0 kayo . 


A^  proviously  statod,  to  oroato  the  idoali:od  oon f i yu ra t i on  in 
liyuro  3.J-3,  tho  oliip  size  would  bo  .011.  (lontinuiny  that 
assumption,  tho  rosistanocs  throuyh  tho  solder  and  kovai’ 
pa 0 kayo  aie 


R 


. 0 (I  ."S 

isolder  ) ( r.OH)  ( .’lOS  x '.  lOS  ) 


r/i\ 


Add  .Su  for  interface  resistance;  + .Old  = .J.'iO^’c/W 


( koca  r 1 


.0  20 

(.iirrri28  .x  .i:8l 


= :.io^\:/u 


The  total  resistance,  R = .SiS  . Oh^d/K 


Dissipatiny  100  milliwatts,  the  cliip  would  see  a tomporaturo 
rise  of  above  the  packaye  surface  tomporaturo. 

s..'^  rilTRMAl.  CONiniCTrVITY  0[;  VARIOUS  MATT.RIAI.S 

I ho  conduc  t i V i t V figures  quoted  in  tlie  following  cliart  (fable 
3.3-1)  were  compiled  from  hamlbooks,  manufacturer's  catalogs, 
and  from  em|iirical  evaluation.  None  of  the  figures  sliould  super 
sede  more  specific  data  pertaining  to  material  being  used  in  a 
pa  r t i cu 1 a r des i gn . 
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.■).,•>  ( L o n r . 


TUt'.RMAL  CONnUCTIVl  TY  OI-  VAR  KRIS  MATliRI  ALS 
ivon.  Ihc  W/in.°('  is  most  suit;ihlo  for  tt 

/ 1-  1'  O r>  ■ , ,,  _ _ _ 1 _ _ . . . i ..  1 ‘ 


I'wo  units  arc  given.  Ihc  W/ i n . V is  most  suitable  for  ttiis 
text,  and  the  lUu/hr  l't°F  is  a unit  commonly  qiu)ted  in  haiuliiook 
and  by  material  manufacturers.  A un  i t s - conver s i on  chart 
liable  .^..S-2)  is  provided  later  in  this  section.  ihc  chart 
gives  conversion  factors  for  several  different  units. 


fab  1 e 3 . .S  - 1 


THFdlMAl,  CONDUCT  IVITIF.S  OF  VARIOUS  MATF.RIALS 


The  name  kovar"  has  been  used  for  two  diflerent  metal li 
compositions.  One  is  29"  nickel,  l”i>  cobalt,  .3 1 o iron. 
Ihe  other  is  30"<,  nickel  and  .30  o iron. 

Ihe  cotiduc  t i V i t i es  of  beryl  lia  ( ReOl  and  alumina  (Ald^-l 
varv  s i gn  i f i can  1 1 V as  the  materi.al  temperature  varies.' 


(t;ont.)  TlIHRMAl.  CON'IHJCT  I \’ I TV  Ol-  \’AR10l)S  MATKR  1 AI.S 

Although  it  is  a fact  that  t lie  ability  of  any  mate  rial  to 
transler  heat  Joes  var\'  as  the  material  t emjie  ra  t u re  \aries,  for 
most  materials  .shown  liei'e,  this  variation  is  not  signit'ieant 
over  the  temperature  range  in  wliieh  most  iiybrids  operate, 
lixeept  Lons  are  tlie  eeramie  materials,  alumina  aiul  bervllia. 
Therefore,  a grapti  is  provided  in  Figures  . s - 1 , showing  coiuliu  t i 
vitv  variations  for  certain  manufacturer's  ceramics. 
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(Cont.)  •miiRMM.  CONDUCTIVITY  Ol’  VARIOUS  MATCRIAI.S 

I able  3.5-2  lists  lac  tors  I'or  coiu'crting  various  tliormal 
conduc t i V i t y units.  To  convert  from  a unit  in  the  left  column 
to  one  of  the  units  listed  across  the  top,  multiply  hy  the 
factor  shown  within  the  matri.x. 

fable  3.3-2  TllliRMAL  CONDUCTIVITY  UNITS  CONVhRS  1 ON  FACTORS 


FROM 

TO 

Cal 

W 

W 

Btu 

(s) (cm) (°C) 

(cm) (°C) 

(in)(°C) 

(hr)(ft)(°F) 

1 

4.18 

10.62 

241.9 

2. .39x10'^ 

1 

2.54 

57.8 

W 

9.43x10'^ 

3.93x10'^ 

1 

22 . 83 

4.13x10'^ 

1 . 73x10'^ 

4.38x10'^ 

1 

.3 


i 

f 

SHCTIOX  4 Hl.liCTRlCAI,  TliS'lS  ; 


I'hc  testing  of  hybrids  differs  from  testing  of  disei'ete  eiroiit 
assemblies  in  three  noticeable  ways:  (1)  checkout  of  a multi 

layer  substrate  is  a necessary  expenditure;  (2)  due  to  less 
pretesting  of  naked  semiconductors,  there  is  tlie  potential  fnr 
finding  more  component  failures  during  testing;  and  (.1)  extra 
care  must  be  exercised  when  using  probes  to  make  electrical 
contact  inside  the  hybrid. 


4.1  lUNCTlON'AL  IN'fHGRITY 


Because  its  small  sice  is  the  most  obvious  feature  of  a hvbriil, 
there  is  a temptation  to  fill  each  package  to  its  limit.  This 
tendency  has  in  tb.e  past  been  carried  to  tlie  extreme  of  nutting 
a portion  of  one  functional  unit  into  a package  with  aiKither 
circuit  that  had  extra  space,  and  tlie  remainder  into  anothei'. 
While  this  can  reduce  the  number  of  packages,  testing  sucli  sepn 
rated  circuits  can  be  very  clumsy,  time  consuming,  and  accuinu 
lated  errors  may  go  undetected. 

Another  factor  is  that  one  unit  cannot  be  sclieduled  indepenik'tit  1 v 
through  manufacturing  and  test.  If  one  such  partial  circuit 
reached  the  testing  stage  before  the  remainder,  the  testing  would 
have  to  wait  until  all  parts  were  available.  I'ai  lures  and  rework 
of  one  part  can  delay  shipment  of  several  parts.  Testing  a unit 
as  an  i ndependent 1 y- func t i ona 1 entity  is  paramount  to  the  effi 
ciency  of  the  testing  and  the  work  flow. 
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■].J  l-'AUl.T  ISOLATION' 

After  the  cover  lias  been  scaled,  a lu’hi  id  can  withstand  sc-verr 
stresses;  Init  before  the  cover  is  sealed,  tlie  fraj;ilit>’  of'  tlie 
exposed  circuit  elements  makes  them  susceptible  to  damage.  Ivi-rv 
factor  that  increases  tlie  need  to  jirobc  inside  the  hybrid 
increases  the  risk  of  damage. 

One  such  factor  is  that  naked  semiconductors  t\picallv  recei\e 
only  minimal  pretesting,  thereby  increasing  the  iiotential  for 
faulty  components  to  be  discovered  in  test.  The  need  to  isolate 
the  faulty  component  increases  the  need  to  probe.  Another  I'actor 
is  that  the  number  of  times  a particular  component  can  be  removed 
and  replaced  is  limited,  and  each  rework  cycle  risks  damage  to 
all  the  circuit  elements.  These  fticts  emphasise  the  need  to 
accurately  determine  the  faulty  clement  before  rework  is  ordered. 
This  need  to  be  accurtite  usually  requires  more  probing  than  might 
be  needed  to  make  an  educated  guess. 

Besides  mechanical  damage,  probing  can  be  deleterious  in  yet 
another  wa\'.  The  cover  must  be  off  the  hybriil  in  order  to  probe. 
Ihe  longer  the  package  is  open,  the  greater  the  risk  of  moistuiH' 
or  other  contaminants  getting  inside.  Applying  an  electrical 
stimulus  with  certain  contaminants  present  may  even  increase 
t he  deter i orat ion . 

Ihe  need  to  diminish  these  risks  should  influence  the  design 
phase  of  the  hybrid.  The  I'esponsible  test  enginecM'  should  Ih< 
consulted  before  the  layout  design  begins,  and  should  juiss 
judgment  on  the  layout  when  it  is  completed.  Khenevei'  possible, 
extra  pins  in  the  package  should  be  used  to  piovide  test  iioints 
outside  the  package.  Where  |iotential  probe  ]ioints  must  be  (Ui 
the  substrate,  ailequate  clearance  shouUl  be  pnnidctl  aiu’iiind 
each  such  point. 
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4.2  (.Cent.)  FAtll.T  ISOI.ATION' 

If  :i  multi  l;iycr  design  is  used,  fault  isolation  ean  be  signil'i 
eantly  simplified  liy  providing  various  arrangements  o I'  standard 
test  point  patterns  on  the  substrate.  One  such  standard  is  a 
pattern  of  test  points  for  each  substrate  size,  only  one  multinle- 
probe  assembly  is  required  for  each  size.  flie  probe  assemblv 
can  be  optically  or  mechanically  aligned  before  being  lowered  to 
contact  the  substrate.  Such  a sys tern, compa red  to  moving  a single 
f)robe  from  point  to  point,  greatly  improves  the  testing  effi 
ciency  and  reduces  the  risk  of  damage.  (The  same  probes  might 
also  be  used  to  check  out  the  multilayer  substrate  before  it 
is  used  in  the  hybrid.) 

Another  such  standard  for  use  with  l.C.  chips  is  to  establish  a 
few  wire-bonding  patterns  to  be  used  with  any  chip  according  to 
the  number  of  terminals  on  the  chip.  bach  substrate  pad  is 
('xtended  to  provide  not  only  a bond  point  but  also  a prolie  point. 
One  multiple  probe  assembly  can  be  available  for  each  such  pat- 
tern. fault  isolation  can  then  be  accomplished  by  using  the 
apin'opriate  mu  1 t i p 1 e - probe  to  test  each  cliip  i nd  i v i dua  1 1 v . 

If  a computer  is  available  for  use  in  testing,  it  can  signifi 
cantly  reduce  the  amount  of  probing  recpiired.  Ilie  computer  can 
be  programmed  to  not  only  recognize  failures  but  also  to  logi 
callv  determine  the  most  probable  failure  point  internal  to  the 
package.  It  can  do  this  while  contacting  only  the  output  lead'- 
of  the  package. 

Of  course,  the  best  way  to  reduce  the  fault  isolation  proceihires 
is  to  reduce  the  number  of  faultv  components  bv  pretc'-ting.  Semi 
conductors  can  be  mounted  in  chip  cariiers  and  pretested  inior  to 
being  mountetl  on  the  substrate.  These  carrii'i's  di'  consume  a 
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l.J  (Cont.)  FAULT  I SOLA  1' ION 

large  area  on  the  sulistrate,  and  additional  maim  I'ae  t u r i ng  jiro- 
eesses  are  required,  but  they  are  definitely  wortli  consideration, 
because  pretesting  the  chips  diminishes  the  cliain  of  potential 
problems  at  its  source. 

L.lectrical  testing  is  a major  portion  of  the  cost  and  time 
expended  for  a hybrid.  F'ault  isolation  can  be  a major  port  iini  of 
that  testing.  The  methods  ment  i oned,  and  any  other  methods  tiiat 
reduce  tiie  need  or  simplify  the  procedure  for  isolating  failures, 
are  worth  consideration. 


4.3  MULTI  LAYI-.R  SIJBSTRATL  CllHCK-OUT 

After  a multilayer  sulistrate  has  been  faliricateU,  it  i nive-;;;ai> 
to  ascertain  whether  tliere  are  electrical  shorts  or  o])en  connec 
tions  hidden  below  the  dielectric  material  or  within  tlie  via>. 

Tt  is  not  sufficient  to  check  only  the  continuitv  ot  each  conduc- 
tor track.  Proof  is  reciuired  that  no  coitnection  exists  between 
any  two  tracks  tliat  cross  each  other  i I'  the  two  are  separatiwl  h\- 
only  one  layer  of  dielectric  material.  (Doulile  printing  and 
firing  the  dielectric  greatly  reduces  sucli  shorts  luit  it  is  no 
guarantee . ) 

Lach  point  to  be  probed  must  be  tissigned  a designation,  tlien  a 
list  must  be  generated  that  descrilies  whicli  [)oints  must  be  con- 
nected and  which  ones  require  proof  of  no  connection.  (.Sucli  a 
list  is  described  in  Section  9.9.  J Using  a check-out  list  and  two 
hand-lield  probes,  the  substrate  can  be  manual  1>’  prolied  at  each 
of  the  designated  points.  A connection  between  two  points  is 
typically  indicated  by  a light  or  buzzer.  Manual  clieck-out  of  a 
multilayer  substrate  can  be  very  time  consuming.  The  testing  (' l‘ 
300  points  can  take  up  to  2 hours.  The  o]H'ratoi'  must  consult  the 
check-out  list,  tlien  tlie  drawing  that  siiows  the  location  o I'  each 
designated  point,  then  she  must  find  that  point  on  tlie  substrate 
in  order  to  place  each  probe.  One  procedure  tliat  can  save  time 
IS  to  have  tiie  list  read  onto  a recording  tape  tlien  play  the  tape 
to  the  operator  through  earphones.  II'  the  tajie  player  is  provided 
with  a foot  actuated  switch,  the  operator  can  advance  the  tape 
at  will.  In  some  cases,  after  good  yields  have  been  cons  i s t tui  t I \' 
achieved,  the  check-out  iirocedure  is  performed  on  onl\’  a sample 
ipiantity  from  each  lot. 
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4.3  (Cont.)  MlJl.TI  LAVF.R  SlJBSTRATi;  CilliCK-OU'l 

Automatic  oqui])ment  can  he  used  to  perl'oim  these  tests.  loi 
automatic  clieck-out  , multiple  probes  make  contact  to  all  t )u' 
probe  iioints  simultaneously.  The  probes  are  wired  tliroujtli  a 
harness  to  connectors  that  are  plugged  into  the  automatic  equip- 
ment. The  equipment  compares  each  point  to  every  otlier  ])oint. 
Automatic  equipment  using  iela\'  switching  can  clieck-out  .3(Ui  point- 
in  apj)rox  imately  5 minutes.  Solid  state  equi])ment  can  oi)orate 
faster. 

riiere  are  vendors  who  specialize  in  producing  custom  multiple- 
probe  assemblies  [usually  mounted  on  printed  circuit  boards). 

Such  a custom  assembly,  however,  is  suitable  for  onl\'  one  sub 
strate.  Anotiier  teclinique  is  to  design  the  substrate  to  have' 
.standard  locations  for  all  probe  jioints.  In  this  case  one  probe 
assembly  can  be  used  universally.  One  such  s t aiula  id  i za  t i on  sciieme 
locates  I.C.  chips  in  a matri.x  of  rows  aiul  columns.  I'he  wire  bond 
ing  pads  surrounding  each  chip  fan  out  in  a sunburst  pattern  and 
terminate  in  enlirged  pads  that  serve  as  the  pndie  points.  ihese 
probe  jiads  plus  the  standard  exit  pads  along  tlie  eilges  of  the 
substrate  will  provide  all  tlie  probe  jioints  necessar>'  if  e\i>r\' 
substrate  conductor  track  is  connected  to  one  of  these  jioints. 

If  every  conductor  track  is  not  required  by  the  schematic  to  be 
connected  to  one  of  tiie  standard  jirolie  jioints,  the  unconnected 
conductors  can  often  be  arbitraril\-  connecteil  to  tlu'  jirobe  jioints. 
After  checkout,  these  arbitrary  connections  can  be  cut  ojien  b\ 
using  a programmable  laser  trimmer  or  by  man  i jni  1 a t i ng  tlie  sub- 
strate witlia  pantogiMjih  linkage  while  the  laser  cuts  the  tracks. 

Automatic  equipment  used,  for  continuity  check  out  is  usual  1\'  jiro 
grammable  so  tiiat  each  point  to  jioint  connection  is  conijuired  to 
tlie  requiri'u  connection  in  the  jirogram.  l.rrors  in  connect  ions 
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can  be  recorded  on  a print -out  it  the  machine  lias  such  a printer, 
hor  the  first  several  substrates  of  a nei%  design,  it  is  advisable 
to  have  the  check-out  machine  proceed  tiirough  the  entire  check 
list  rather  than  stopping  at  the  first  error.  If  the  same 
failure  repeats  on  several  substrates,  this  ma\-  iiulic.ite  a 
defect  in  the  thick  film  screen. 

•Some  automatic  equipment  can  generate  its  own  jirogram  tajic.  Ihe 
probes  are  applied  to  a substrate  known  to  iie  correct,  aiul  the 
machine  ''reads"  the  connections  and  creates  the  tape  to  matcli 
those  connections.  Sucli  automatic  programming  requires  manual 
check-out,  of  course,  in  order  to  find  the  substrate  known  to  be 
correct . 
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5Ji£L!il-i -■'i  C0MP0Ni;.\rs  and  MA'n:Ri.\i.s 

This  section  describes  some  of  the  com|)onents  ;iiul  materials 
commonly  used  in  hybrids.  Various  configurations  of  packages  aie 
shown  and  the  range  of  sizes  is  indicated.  Substrate  shapes  are 
sliown  to  make  clear  that  anv  shajic  can  he  fabricated.  hxamples 
of  semiconductor  configurations  show  the  commonly  used  metal- 
lization patterns  for  diodes  and  transistors.  Resistor  and 
capacitor  chijis  arc  shown  with  size  and  value  ranges  indicated. 
Information  is  also  included  about  solders,  c]ioxics,  and  inter- 
connecting wires. 

.S.l  PACKAGES  AND  COVERS 

For  militarv  and  space  applications,  metal  packages  and  metal 
covers  are  most  trcqucntly  used,  but  ceramic  packages  and  covers 
are  not  uncommon. 

The  metal  packages  are  rugged  and  can  provide  electrostatic 
shiclding.  Kovar  is  tlic  metal  most  frcc|ucntly  used  because  its 
coefficient  of  thermal  expansion  is  closelv  matched  to  certain 
glass  materials  and  these  glasses  are  used  to  seal  around  the 
package  leads.  Kovar  is  however  much  heaver  than  ceramic,  so  a 
weight  penalty  must  be  paid  to  obtain  the  other  desinihle  features. 
If  the  ceramic  package  is  high  pur  i ty  a him  i na  , it  lias  a slight 
advantage  over  kovar  when  comparing  their  respective  thermal 
conduct  iv i t i es . 

Bcryllia  ceramic  has  more  than  ten  times  the  thermal  conduc t i v i t v 
oi  kovar.  Bcryllia,  however,  is  expensive  and  the  handling 
(particular  high  temperature  processes)  requires  safet\'  ]irecaut  ions 
because  the  material  is  toxic. 
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PAt:KA('.IiS  AND  COVr.RS 


IVlicn  a flat  cover  is  to  be  used  to  wcld-scal  a packajte,  the  cor- 
ners of  tlie  packai;e  need  special  attention.  Because  the  weldinp 
electrodes  pass  along  each  edge  sc]iaratcly,  a large  luidius  in  tlic 
corner  will  leave  a portion  untouched  by  the  electrodes  and  tlie 
seal  will  not  he  continuous  around  the  radiused  corners.  Tlie 
radius  in  each  corner  sliould  he  less  than  the  width  of  tlie  work- 
ing face  of  the  electrode.  I'igurc  .S . 1 - 1 shows  the  relationship 
of  the  package  corner  radius  to  the  width  of  tlie  welding  electrode. 

The  weld-sealing  process  works  best  on  a cover  thickness  of  a[iproxi 
mately  5 mils  f0.127  mmi , hut  in  medium  or  large  sites  the  thick- 
ness should  he  at  least  10  mils  f0.2.‘i4  mm')  for  sufficient  rigiditx'. 
(for  very  small  sized  packages  .S  mils  might  he  sufficient.)  \ 
compromise  between  the  two  requirements  is  to  use  a cover  that 
is  10  mils  or  more  hut  is  cut  down  to  S mils  thickness  onl\’  along 
the  edges.  .Such  a cover  is  called  a "stepped  cover". 


Radius  (R)  should  be  less  than  width  (W)  of  the  working, 
face  of  the  electrode. 


figure  .S.1-1  PACKACf.  CORNfR  RADIUS  VfRSlIS  IVlDTil  Of  IVf  hDl  NO  1 ffOTRODl 
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.-i.l  (Cent.)  I'ACKAliliS  AND  i;0\TRS 


VIEW  B 

Various  Pin  Pattorns 


TO- 5 Package 


Hi,uh  Power  Pack : i 


S . 1 U’ont  . ) 


I’ACKACF.S  AND  COVT.RS 


I’acka^e  sizes  rant>e  from  0 . 2 fi  x 0.2.S  in.  mm)  to  2. SO  \ ’.So 

in.  (6.S.5  mml  , with  leads  on  one,  two,  three,  or  four  sides.  Ihe 
numher  of  leads  ranges  from  0 to  120.  (120  leads  on  2.00  x 2.00 

in.  butterfly  package.)  (.110  leads  are  available  on  a 2.('0  x 
1.00  in.  butterflv  package.)  The  package  can  have  one  nin  con- 
nected to  package;  also  one  pin  with  a coloi'  coded  glass  seal 
to  indicate  pin  orientation.  Butterfly  packages  can  have  round 
leads,  and  platform  packages  can  have  flat  leads. 

i 

for  flat  leads,  the  most  common  spacing  is  aO  mils  (1.2  mm)  f 

I 

center  to  center;  round  leads  in  plug- in  style  flat  packages  I 

are  typically  on  100  mils  (2.54  mm)  centers.  | 


ro-8  packages  can  have  extended  leads  on  the  ton  side  to 
accommodate  several  substrates  iieing  staked  and  soldered  on  tlie 
leads.  Hxtra  high  covers  can  be  used  with  these  extended  leads. 
I'fhis  packaging  metiiod  places  a heavy  emnhasis  on  pi’etesting 
the  substrates  before  installation,  because  lowei'  substrates  arc 
inaccessible.) 


The  side  walls  with  sealed  leads  typically  used  in  a Initterfl.' 
style  package  can  be  obtained  without  the  package  luasc.  These 
assemblies  can  later  be  mounted  on  whichever  base  is  cliosen. 
Thev  are  sometimes  used  when  the  substrate  itself  will  foia.i 
the  package  base. 


5.2 


SUB, STRATHS 


Substrates  are  available  in  manv  sliapes  and  si'es,  and  will)  the 
exception  of  rectangular  shapes,  thev  are  usual  1\-  made  te  fit  a 
particular  package  configuration.  Substrates  can  be  custom  ''la.lc 
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5.  J 

to  .ilmost  any  shape.  When  the  ceramic  is  in  the  "green  state" 
(unfired),  irregular  shapes  can  he  punched  using  a tool  similar 
to  a cookie  cutter.  However,  flatness  is  more  difficult  to 
maintain  when  the  size  is  large  or  the  shape  is  irregular.  (Most 
manufacturers  specify  standard  camber  of  4 mils  jier  inch  of  length 
(up  to  2 inches  (50.8  mm).)  If  the  camber  of  the  as-lired  ceraiiiic 
is  too  largo,  the  surface  can  he  ground  to  whatever  flatness  is 
required,  hut  this  makes  a large  difference  in  the  cost  of  the 
substrate.  Holes  can  be  added  to  a ceramic  substrate  alter  it 
has  been  fired,  hut  again  this  is  a costly  process. 

Substrates  are  commonly  used  in  thicknesses  from  10  mils  (0.254  mm) 
to  50  mils  (1.27  mm).  Rectangular  shapes  are  available  in  manv 
combinations  of  dimensions. 

Substrates  can  also  be  purcliased  with  scribe  lines  already  cut 
into  the  surface.  These  prescribed  substrates  are  usually  inteiuied 
to  accommodate  a matrix  of  s t op  - and  - repea  t ed  image  iiatterns. 

After  processing,  the  substrate  need  onlv  he  iiroken;  the  scrilie 
lines  are  already  there.  W’hen  using  prescribed  substrates  it  is 
important  to  determine  the  maximum  widtii  of  the  scribed  line  so 
that  this  width  can  be  taken  into  account  in  the  s t cp  - a nd  - I'epea  t 
tlimensions.  I’rescrihed  substrates  can  he  ordered  to  custom 
dimensions.  (Ceramic  chip  resistors  are  often  fabricated  on 
prescribed  substrates.) 

tJsuallv  the  spec  i f i ca  t i ons  for  a hutterflv  t\-pe  package  will  indi 
cate  the  maximum  sice  substrate  allowable.  If  that  information 
is  not  available  the  substrate  tiimensions  can  he  detc'rmineil  from 
the  dimensions  of  the  package.  When  making  such  a determination 
th(>  tolerances  of  the  package  ilimensions  must  he  takc'ii  into  account. 


5 - 


I 


J 


r 


5.:  (Cont.)  SUBSTRATi:S 

I'or  ;i  packat^c  with  leads  on  two  sides,  the  maximum  substrate 

(.1  i mens  i on  in  relation  to  the  leads  can  he  determined  as  shown  in 

I'  i gu  re  5.2-1. 


A (minimum) 


/.I  i 2 


Package  Leads 


The  m i n imum  dimension  of  A dictates  the  max imum  dimension  ol 
the  substrate. 

I■igurc  5.2-1  SUBSTRATH  PIMHNSION  RHI.ATHD  TO  PACk'ACL  LliADS 

11  I'or  a package  with  leads  on  four  sides  the  relationship  sliown 
in  Figure  5.2-1  is  only  applicalile  to  one  substrate  dimension. 
'I'he  other  (maximum)  substrate  dimension  must  be  less  than  t lie 
minimum  distance  between  the  leads. 

If  components  and  wires  are  to  be  on  the  substrate  before  it 
is  installed  into  the  package,  and  if  tlamage  mip.ht  be  caused 
by  placing  the  substrate  under  the  package  leads  (as  shown), 
then  the  maximum  substrate  dimension  should  be  less  than  the 
minimum  distance  between  the  leads  so  that  the  substrate  can 
]iass  horizontally  between  the  leads. 


Holes  in  ceramic  substrates  can  be  metallized  on  the  inside  edy.e 
of  the  holes  (similar  to  p I ated- t hrough  holes  in  a PL  board). 


Almost  any  sc'in  i coiuluotor  device  can  he  purchased  as  a naked  chi|i. 
Many  can  be  purchased  in  wafer  form  (unsliced)  at  sii>nificant 
cost  reductions.  (Th<.->c  would,  of  course,  require  "dicing''  later.) 
.As  an  e.xamplc  of  availability,  included  is  a copy  of  one  vendor's 
catalog  listing  of  available  chips.  U’hen  ordering  any  semiconduc- 
tor, the  requirement  for  back  side  gold  metallization  sliould  lie 
i nd i catcd . 


The  following  are  e.xamples  of  semiconductor  cliips  and  some  of  the 
typical  metallization  patterns  used. 


■S.  3 -SliMltlONDUCmRS 


Typ  i c a 1 f r a n s i s t o i~  Con  f i gu r a t i o n s 
(Dimensions  shown  are  mils.) 


SEMICONDUCTORS 

Typical  Diode  Configurations 
(Dimensions  shown  are  mils.) 


- Anode 


Cathode 


->|  1^! 


Anode 


Squa  re 


-J{  20.0 

Square 


Cathode 


Cat  hodc 


4 0.0  k- 
5_(l  Square 


No  examples  of  beam-leaded  sen i conduc tor s are  depicted.  At  this 
time,  the  a va  i 1 ;tb  i 1 i t y of  beam- leaded  dice  is  not  ;tood.  I'liec 
arc  difficult  to  produce,  only  limited  types  are  beine  made,  and 
manufacturers  arc  tiuotins  lonp  deliverv  schedules. 


U:ont  . ) Sl  MIfONnnCTOKS 


Inputs  Vcc  Input 

/2  ' 1/  14  13 


I n put 
1 nput 
Output 
ON'l) 


I n p u t 

Input 
I nput 


SN54S/74S20 


8 Output 


BONDING  PAD  ASSlGNMf  NTS 


Kl 

m 13)131  (4) 


CHIP  tHICKNLSS 
8 S • 1 0 

BONDING  PADS 
4X4  MINIMUM 

ALL  DlMTNSIONS 
AKf  IN  Mil  S 

UNLESS  OTHERWISE 
NOTED  Al  L TOLERANCES 
ARE  1 10% 


I.M709/7()<.)C 


1 COWi-  A / \ OUTPUl  COMP 

COMP  8/  \ VCC- 


ni  I (?)  (31 


( Con  t . ) 


si.mk;on'1)Iictors 


xaiiip  I e s of  Integrated  Circuit  t^^^n  *^1  gu  r a t ions 


BONOtNO  PAD  MS 


CHIP  T MICKNCSS 
8 5-10 


BONDING  PADS 
4X4  MINIMUM 


DM> 


ALL  OlM€N*:iONS 
AFL  IN  MILS 


UM£  jS  0TH(  HvMSt 
NOTED.  ALL  TOLERANCES 
ARE  t 10% 


SN55/75107A 


Clear 


Clock 


SN54/74174 


t lion  r i <’u  ra  1 i ons 

iC  - 


110  X 91 


} 


I 


\ 


! 


Input  A 


14  Hock 

1 3 H ipp  1 o oc  k 

Output 

K'  Max/Min  Output 

1 1 l.oa J I np  it 

10  Data  Input  (' 

t P 


Pic  S i :c  : “I  » 1^0 
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SliMICOX'nilCTORS 


X a 111  p 1 e 

of 

Ven 

SfCTION 

DtODES 

(JCVH  « Type 

Py 

1N64b 

1 

1 6 

INt>46 

1 

1 6 

INS47 

1 

1 6 

1N^46 

4 

1-7 

1NM/ 

4 

1 / 

>N/4d 

4 

1-7 

IH749 

4 

1 / 

IN/50 

4 

1 / 

1N/5I 

4 

1 7 

IN/5? 

4 

1 7 

IN/53 

4 

1 / 

IN/54 

4 

/ 

IN/55 

4 

17 

IN/56 

4 

1-7 

IN/5/ 

4 

1/ 

IN/58 

4 

17 

IN/59 

4 

1 7 

IN9I4 

2 

1 6 

IN9I6 

? 

1 6 

IN9I/ 

2 

1 6 

1N95/ 

4 

17 

IN958 

4 

1-7 

IN959 

4 

7 

IN960 

4 

1-7 

IN96I 

4 

1-7 

IN96? 

4 

17 

IN063 

4 

7 

fN964 

4 

f-7 

IN965 

4 

1-7 

IN966 

4 

7 

IN96/ 

4 

17 

IN968 

4 

7 

IN969 

4 

7 

IN9/0 

4 

7 

IN9/1 

4 

1 / 

INO/2 

4 

7 

INO/3 

4 

1-7 

IN9/4 

4 

7 

IN9/5 

4 

7 

IN9/6 

4 

1 7 

lN.lf)6.) 

? 

16 

IN  1064 

2 

16 

1N1600 

2 

6 

IN3604 

2 

16 

1N.I605 

2 

1-6 

IN3606 

2 

16 

1N36II 

3 

6 

INJ6I? 

3 

1-6 

IN4001 

3 

6 

IN400? 

3 

6 

IN4003 

3 

6 

IN4004 

3 

1-6 

1N4009 

2 

16 

1N4I4B 

2 

6 

IN4I49 

2 

6 

1N4I50 

6 

IN4IS1 

2 

6 

1N4I5? 

2 

6 

IN4I53 

2 

r 6 

1N4I54 

2 

6 

IN4/45 

3 

I 6 

IN4?40 

3 

1 7 

IN4.W5 

2 

1 6 

IN4')/0 

4 

1 7 

IN4J/I 

4 

1 7 

IN4)/? 

4 

17 

IN4444 

2 

1 6 

IN4446 

2 

1 6 

*N444/ 

2 

16 

IN4448 

2 

16 

IN4449 

2 

1 6 

' s Catalog 

0 f 

A V ;i  i 1 

ible  t,’h  ij 

IN4454 

2 

1-6 

2N2J69A 

9 18 

1N4S31 

2 

16 

2N2432 

10  19 

1N4532 

2 

1-6 

2N2432A 

10  1-9 

IN4533 

2 

16 

2N2484 

26  1 14 

1N4536 

2 

1-6 

2N?f)05 

12  1-9 

1N5226 

4 

1-7 

2N2605 

12  19 

1N5727 

4 

1-7 

2N2605A 

12  1-9 

1NS228 

4 

1-7 

2N2857 

Consull  faciory 

1N5229 

4 

1-7 

2N2894 

13  1 10 

1N5230 

4 

1-7 

2N2904 

14  1 10 

IN52J1 

4 

17 

2N2905 

14  1 10 

IN5232 

4 

1-7 

2N2905A 

14  1 10 

1N5233 

4 

1-7 

2N2906 

14  MO 

IN5234 

4 

17 

2N2907 

14  1 10 

1N5235 

4 

17 

2N2907A 

14  1 10 

1N5236 

4 

1-7 

2N2944A 

15  1 10 

IN5237 

4 

17 

2N2945A 

15  1-10 

1N5236 

4 

1-7 

2N2946A 

15  1 10 

1N5230 

4 

1-7 

2N3011 

9 16 

IN5240 

4 

17 

2N3013 

16  Ml 

1N5241 

4 

1-7 

2N3014 

16  Ml 

1N5242 

4 

17 

2N30I5 

7 18 

1N5243 

4 

1-7 

2N3019 

8 18 

1N5244 

4 

17 

2N3250 

18  Ml 

1N5245 

4 

1-7 

2N3250A 

18  Ml 

IN5246 

4 

1-7 

2N3251 

18  Ml 

1N5247 

4 

1-7 

2N3251A 

18  Ml 

1N5248 

4 

1-7 

2N3467 

Consull  Fac.lOry 

1NS249 

4 

17 

2N3468 

ConsuM  f <i«.lory 

1N5250 

4 

17 

2N3564 

5 1 7 

1N5251 

4 

1-7 

2N3565 

26  M4 

fN5252 

4 

f-7 

2N3570 

t7  / f / 

1N5253 

4 

1-7 

2N3571 

17  Ml 

1N52S4 

4 

1-7 

2N3572 

17  Ml 

IN52S5 

4 

1-7 

2N3638 

14  1 10 

1N5256 

4 

1-7 

2N3646 

13  1 10 

1N5257 

4 

1-7 

2N3702 

14  1 10 

1N5258 

4 

1-7 

2N3703 

14  1 10 

IN5259 

4 

17 

2N1704 

7 1 8 

1N5260 

4 

1-7 

2N3705 

7 1 8 

2N3/06 

7 1 8 

TRAN9I8T0R9  — 

2N3707 

26  1 14 

Bl  Polar 

2N3708 

2N3/09 

26  M4 
26  M 4 

Oevic® 

Figure 

Pg 

2N3710 

26  114 

2N697 

8 

1-8 

2N3711 

26  1 14 

2N699 

8 

18 

2N3/24 

19  M? 

2N/1B 

8 

1-8 

2N37J4A 

19  M2 

2N/I8A 

a 

18 

2N3725 

19  1 12 

2N720 

6 

1-8 

2N3725A 

19  1 12 

2N720A 

8 

1-6 

2N3829 

18  Ml 

2N73I 

8 

18 

2N3903 

21  1 12 

2N870 

8 

18 

2NJ904 

21  1 12 

2N8/1 

6 

1-7 

2N3905 

22  1 13 

2N9I8 

5 

17 

2N3906 

22  M3 

2N930 

26 

•14 

2N4026 

Cont,utl  1 arlory 

2N956 

6 

17 

2N4027 

CfmsuH  FiKinry 

2NI613 

8 

18 

.'N4028 

Consull  f ,Kl«y 

2N17I1 

6 

1 

2N4029 

laW'suH  liKlory 

2NI869 

6 

18 

2N4030 

(.onsiiK  f dclory 

2NI890 

6 

1-7 

2N40J 1 A 

(.-OnsuH  I.XIoiy 

2NI893 

6 

17 

^N4032 

C'jnvjil  F.KtOfy 

2N2T02 

6 

t-7 

2N4033 

Co^isull  » <K(ory 

2N2192 

6 

1 

2N4044 

Consult  fJCloiy 

2N2I92A 

6 

17 

2N4058 

1?  1 9 

2N2I93 

6 

1-7 

2N4059 

12  19 

2N2193A 

6 

17 

2N4060 

12  1 9 

2N22I8 

7 

18 

7N4061 

12  1 9 

2N22 19 

7 

18 

.'N4062 

12  1 9 

2N2219A 

7 

1 8 

2N4I38 

10  1 9 

2N2222 

7 

1-8 

2N4252 

17  til 

2N2222A 

7 

18 

2N4293 

17  Ml 

2N2243 

8 

1 8 

?H4?60 

Consult  Fettory 

2N2243A 

6 

1-8 

2N426I 

CtmvrtI  1<(lory 

2N23M 

9 

18 

2N4957 

Cori'tJfl  lerlory 

S - 1 8 


S..';  (Coat.)  SiiM  I CONDUCTORS 


example  of  Vendor’s  Catalos 


?N496a 

Consulf 

1 MCKlfy 

7N4969 

Coftsijfl 

Factory 

PM996 

i; 

Ml 

?N499; 

17 

Ml 

?NbOS0 

19 

M2 

?N%059 

19 

M? 

?N5»00 

Coa^ull 

Facicy 

?NS400 

14 

MO 

?N*,40I 

14 

MO 

?NM4; 

14 

1 10 

?NS440 

U 

1 10 

?NM40 

1 

1 e 

?NS4'.0 

7 

1 e 

?NS4'.» 

7 

1 e 

?NS»>SO 

?6 

1 14 

?6 

} 14 

TRANSISTORS  — J- 
FFTS 


li»vice 

* igtjte 

Pg 

?N96a4 

?/ 

1 16 

2N3MS 

?7 

1 16 

?N16Af 

27 

1 16 

;^.»687 

71 

1 16 

7N3AI9 

?0 

M2 

2N.W21 

20 

1 12 

2N3822 

20 

1 12 

2N.102J 

?0 

t 12 

2NM?4 

70 

1 12 

TNilO?! 

36 

1 16 

?NW)4 

13 

?NJ9S‘. 

U 

2N399U 

23 

M3 

2N3994 

23 

1 13 

7N4U9I 

?9 

1 16 

->N4<W2 

29 

1 15 

29 

1 16 

32 

1 16 

2N4I10 

32 

1 16 

^4tlM 

32 

1 IS 

2N4.W8 

27 

M6 

2Mri39 

27 

1 16 

7^4  140 

27 

1 15 

7N4,14» 

71 

1 16 

7N4191 

26 

1 14 

7N439P 

26 

1 14 

2N4391 

26 

1 14 

7M441fi 

31 

1 16 

2N44lf>A 

31 

1 16 

7Ft4446 

30 

1 16 

2N444H 

X) 

1 16 

?N48Sf 

26 

1 14 

26 

1 U 

.’N4BS0 

26 

1 14 

2N4a'.0 

26 

1 14 

?MM'0 

26 

1 14 

?N4ft6i 

26 

1 14 

?N‘411H 

17 

1 16 

2NS019 

17 

1 16 

7NM14 

.17 

1 16 

7NS11S 

37 

1 16 

?NMlf. 

37 

1 16 

2NMC1 

20 

1 16 

7N*./4ft 

.•0 

1 12 

;’NS4  1? 

.K> 

1 16 

;N'411 

30 

1 16 

7N‘>414 

.30 

1 16 

SECTION  2 

STOm 

liev*ce  Type 

Pg 

S4  7400 

2 T8 

M/7402 

2-18 

M/7403 

2-19 

M/7404 

M9 

M/740J) 

2-19 

M/7406 

2-20 

M/7407 

2-20 

M/7408 

2-20 

M/7409 

2-21 

M/7410 

2-21 

M/7412 

2-21 

M/7413 

2-22 

M/7414 

2-22 

M/7416 

220 

M/7417 

2-22 

M/7420 

2-23 

M/7422 

2-23 

M/7423 

2-23 

M/7426  Consul!  Fadorv 

M/7427 

2-24 

M’7428 

2-24 

J4/7430 

2-24 

M/7432 

2-25 

S4/7433 

2-25 

M/7437 

2 25 

M/7438 

2-26 

M/7440 

2-26 

M/7442 

2-26 

M/7443 

2-26 

M/7444 

2-26 

M/7445 

2-27 

M/7446 

2-27 

M/7449 

2-27 

M/74SO 

2-28 

M/7451 

2-28 

M/7453 

2-28 

M/74M 

2-20 

M/7460 

2-28 

M/7470 

2-29 

M/7472 

2-29 

M/7473 

2-29 

M/7474 

2-30 

M/7475 

2-30 

M/7476 

2-29 

M/7477 

2-30 

M/7480 

2-31 

M'7482 

2-31 

M/7483A 

2-31 

54/7486 

2-32 

M/7490 

2-32 

M/7491 

2 32 

M/7492 

2-33 

M/7493 

2-33 

M/7494 

2-33 

M/7495 

2-34 

M 7496 

2-34 

M'74  97 

2-34 

M/74107 

2-35 

M/74111 

2-35 

M/74116 

2-36 

54  74120 

2 36 

54  74121 

2 36 

54  74122 

2-37 

M 741^3 

2-37 

M 741?8 

2 24 

54  74136A 

2 37 

M 74141 

2 38 

54  74145 

2 15 

M 74148 

2 .38 

M'74151A 

2 38 

M 74153 

2 39 

54  74154 

2 39 

S4  74155 

2 39 

M/74156 

2-40 

M/74157 

2 40 

M/74160 

2 40 

Ava  i 1 ah  1 e iDi  i 

M/74161 

2-41 

M/74162 

2 41 

M/74163 

2-41 

54/74164 

2-42 

M/74165 

2-4? 

M/74173 

2-42 

M/741/4 

2-43 

M/74175 

2 43 

M/74176 

2-43 

M/74181 

2-44 

54.74182 

2-44 

54/74103 

2 44 

54/74190 

2 45 

54/74191 

2 45 

M/74192C 

2-45 

M/74193C 

2-46 

54/74194 

2-40 

54/741968 

2 46 

M/7419/B 

2-47 

54/74368 

2-4/ 

QEC7tON3 

SCHOTTKY  m 

Device  T vpe 

Pf) 

M'74S00 

3-49 

54/74S02 

3-49 

54/74S03 

3-49 

M/74S04 

3-50 

M 74S10 

3b0 

M/74S11 

3-50 

M/74S20 

3 51 

M/74S22 

3-51 

54/ 74 $40 

3 51 

54'74S61 

3-49 

M/74S64 

3 5? 

54/74S74 

3 5? 

M/74S11? 

3-5? 

M/74Sn3 

3-53 

M/74S135 

3 ‘>3 

M/74S138 

3 53 

54  74S139 

3-54 

54/74S140 

3 51 

54.74S161 

3 .54 

54  74S153 

3-54 

54  74$157 

3 55 

54/74S174 

3-55 

54  74S175 

3-55 

54'74St81 

3-56 

54/74818? 

3- 56 

54  74S194 

3 56 

M/74S195 

3-57 

54  74S251 

3 57 

M/74S257 

3-57 

54  74S258 

3-5H 

M 74S280 

3 50 

SECTION  4 

LOW  POWER  m 

Device  Type 

Fg 

54  74100 

4 (,0 

54  74  LO? 

4-W) 

54  74104 

4 60 

54  741  10 

4 60 

54  74120 

4 61 

54  74130 

4 61 

M 74142 

4 61 

M 74151 

4 6l 

54  74L54 

4 62 

54  74L55 

4 62 

54  74L  71 

4 62 

M 74L7? 

4 62 

54  741  7J 

4 6 

M74L/4 

4 63 

S - 1 D 
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S.5  (Coiit.)  si;miconm)ik;tors 


ample  of 

Vendor 

' s c;  a t a 1 o 

7\va  i 1 a b 1 e 

Chip 

54/74L75 

4 63 

54LS/74LS125 

5-82 

LM747 

6-103 

S4/74L86 

4^ 

541S/74CS126 

5-82 

NE/SE536 

6-103 

S4/74L86 

4-64 

54LS/74LS132 

5-83 

NE  SE555 

6-104 

S4/74L90 

4-64 

54LS/74LS136 

5-83 

UA740 

6-103 

54/74L91 

4-64 

541S/74LS138 

5-83 

MCI  456/ 1536 

6-103 

M/74L93 

4-64 

54LS/74LS139 

5-83 

MC1450/1568 

6-104 

S4/74L95 

4-65 

54LS/74LS145 

5-84 

MCI  496/ 1596 

6-104 

54/74L121 

4-65 

54LS/74LS151 

5-84 

55/75107A 

6-105 

S4'74L122 

4-65 

54LS/74LS153 

5-84 

55/75108A 

6-105 

S4/74L123 

4 65 

54LS/74LS155 

5-84 

55/75109A 

6-105 

54/741.153 

4-66 

54LS/74LS156 

5-85 

55/751 lOA 

6-106 

54/74L154 

4-66 

54LS/74LS157 

5-85 

55/75112 

6-106 

54/74L157 

4 66 

54LS/74LS158 

5-85 

55/75113 

6-106 

54/74L164 

4-66 

54LS/74LS160 

5-85 

55/75115 

6-107 

54/74L192 

4-67 

54LS/74LS161 

5-86 

55/75130 

6-107 

54/74L193 

4-67 

54LS/74LS162 

5-86 

55/75108 

6 107 

54LS/74LS163 

5-86 

55  75189A 

6-108 

9BCTI0N6 

541  $/74LS'64 
54uS.'74LSl68 

5-86 
5 87 

55/75322 

55/75325 

6-108 

6-109 

iOlVPOIVFR 

t>4LS'74LSl69 

5-87 

55/75326 

6-109 

54LS/74LS170 

5-87 

55/75327 

6 1 10 

GCHOTTKY  TTL 

54LS'74LS174 

5-87 

55-75363 

6-110 

Device  Type 

Pg 

54LS/74LS175 

5-88 

55'75450B 

6-111 

54LS/74LS00 

5-69 
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Hybrid  resistors,  besides  being  faliriented  integr.il  to  the 
substrate,  can  be  installed  as  components.  As  comnonen t s , the 
can  be  pretested  tiefore  mounting  on  the  substrate.  Sices, 
values,  and  tolerances  vary  over  wide  ranges  to  suit  almost 
any  circuit  requirement. 

tiomponent  resistors  intended  for  hybrid  use  are  availaiile  in 
many  types.  Some  commonly  used  types  are  thick  or  thin  films 
on  the  surface  of  ceramic  chips,  silicon  chips  with  diffused 
resistors  on  the  top  surfaces,  ceramic  chips  with  end  terminal 
pellet  types  with  terminals  top  and  bottom.  Terminals  can  be 
various  metals  with  various  platings. 


Examples  of  Component  Resistors 


Metal  film 
End  Terminal 


Metal  film  Terminals 
Top  and  Bottom 
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l.;ipac  i tors  suitable  tor  use  in  hybrids  are  available  in  a u iili' 
ran, ye  of  values,  sizes,  and  voltage  ratings.  Iligli  0 eapaei 
tors  are  available  I'or  microvvavc  applications. 

I'ellet  style  capacitors  are  available  in  sizes  as  small  as 
.OdU  .0  20  ,x  .0  10  in.  high  (..SO 8 x .50  8 x .25  1 mm).  Ceramic  chip 
capacitors  with  end  terminals  are  as  small  as  .050  x .050  x 
.040  in.  high  (1.2"  x 1.27  x 1 . 0 1 0 mm). 

Capacitors  can  have  metal  film  terminals  of  various  metals. 
Commonly  used  materials  are  silver,  palladium  silvei',  gold. 
Capacitors  can  have  wire  or  ribbon  leads  of  various  materials. 
Tinned  copper,  gold  plated  nickel,  silver  are  freuuentlv  used. 

Variable  capacitors  are  available  in  sizes  suitable  for  hybrids. 
However,  if  sealed  inside  a package,  then  sidijected  to  various 
stresses  (especially  vibration)  the  value  might  cliange  and  the 
adjustment  would  be  inaccessible. 


Metal  film 
lind  Terminal 


Meta  1 f i 1 m Te rm  i na  1 s 
Toil  and  bottom 
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Solilcrs  used  in  lu'hrids  are  available  in  various  ooinnos  i t i on  s 
and  in  various  forms.  Pastes,  sheets,  performs,  wires,  or 
pellets  are  all  available  bavin^  a ran^e  of  me  1 t i nr,  temperatures. 

lb i n sheets  of  film  solder  arc  available  from  which  anv  shape 
can  be  cut.  Preforms,  die  cut  from  sheets,  are  available  in 
rectangular  shapes  for  dic-attach  or  picture  frames  for  cover 
sealing  (just  to  name  a few).  Paste  solders  can  be  screen 
printed  on  substrates  and  later  reflowed  to  attach  components. 

The  conductor  tracks  on  a substrate  are  sometimes  plated  or 
dipped  to  create  a solder  coat  prior  to  installing  comnonents. 

Since  temperature  stepping  is  often  a consideration  in  hv-brid 
assemblv  and  rework,  a variety  of  solders  is  often  used  in 
one  hybrid.  Solders  containing  I'arying  amounts  of  indium  are 
often  used  for  their  low  temperature  and/or  low  1 ('aching 
cha  rac  t e r i s t i cs  . 

h.xamples  of  commonly  used  solders  and  their  melting  temperatures 
are  -hown  below'. 


Solder  Compositions  f“j 

Me  1 1 i ng 
Temp . 

Typ i c a 1 App 1 i ca  t i on s 

9 " Cold  a S i 1 i con 

S"0 

Die  Attach 

80  Cold  20  Tin 

280*^0 

Cover  Seal 

Component  At  t ach 

Sub  s t ra  t e 1 n s t a 1 1 a t i on 

fin  .S  " I e a d 

()0  1 i n 1 0 bead 

"9  Indium  1 .s  Lead 
.S  S i 1 V 0 r 

, ,,  ^0 
1 8S"C 

1 •19‘^• 

Cover  Sea! 

Component  Attach 

Subs  1 ra  t e Inst  a 1 I a I i on 

Sub  s 1 ra  t e 1 n s t a 1 1 ;i  t i lui 

Comjioni'nt  \ltacb 
Re wo  rk 
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Many  typos  of  cpoxios  arc  available  from  which  the  choice  can  i'o 
made  to  best  suit  the  application.  1',  1 ec  t r i c a 1 1 conductive  and 
non  - conduc  t i ve  properties  arc  availalile  as  well  as  air  dryiny 
or  heat  curiny.  lipoxics  can  he  sinylc  composition  or  may  require 
adding  a hardener.  Some  rccjuirc  re  fr  i ye  rat  cd  storage.  Tlu' 
clioicc  ususally  depends  on  the  epoxy's  suitability  for  manu 
I'acturiny  processes,  its  electrical  properties  over  long  periods 
of  time  and  under  various  environmental  stresses,  and  its  bond 
integrity.  Since  only  small,  low-weight  parts  aie  being  lionded 
with  the  epoxy,  high  bond  strength  is  typically  not  as  import 
ant  as  the  integrity  of  the  bond  over  time  and  cn\’ i ronmen  t a I 
stresses. 


lipoxy  used  for  component  attachment,  because  it  is  inside  a 
sealed  package,  may  not  need  to  empliasice  moisture  resistance; 
whereas,  one  used  for  cover  seal  ing  miglit  neetl  to  resist  moisture. 
All  epoxies  used  in  hybrids  need  to  witlistand  tlie  temperatures  of 
environmental  testing  and  the  continuous  operating  t empe  ra  t ii  n.'  o I' 
tlie  hybrid's  final  application  without  degrading  their  pi-o]-)ci' 
ties. 


Conductive  epoxies  usually  contain  cc'rtain  powalered  metal  to 
provide  the  conductivity  characteristic. 

Sotiu'  epoxies  are  advertised  to  have  no  significant  outgassing 
at  temperatures  up  to  1 anti  under  a vacuum  of  10  ^ torr. 

hpox  i es  can  also  he  obtained  as  die  cut  prefoniis.  One  common  1\- 
useil  shape  is  .a  picture  frame  tyjie  suitable  for  co\ei‘  sealing,. 


ii- 
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Sonic  examples  of  epoxy  properties  arc  as  follows: 

Volume  Resistivity  (conductive);  .0001  cm 
(for  a SO  mil  (1.27  mm)  square  dic-attach,  this 
is  1 . h X 1 0 ' ) 

Silver  epoxy  advertised  as  havint’  .000152  cm 
volume  resistivity  at  temperatures  up  to  lOd^C, 
and  the  same  resistivity  after  1,000  hours  at 

iso”c. 

Volume  Resistivity  (non -conduct  i vc)  ; 2 x 10^^  52  cm. 

Useahle  Tempo  I’a  t u re  ; ZSO^C.  con  t i ritious  I y , SSO^V 

for  short  time. 

S.8  INTHRCO.NNI-.CTIN'G  WlRliS 

Although  1 mil  (0.02SI  mm)  tliametcr  is  the  sice  most  commonl\- 
used  for  aluminum  and  gold  wire  honding,  the  other  availalile 
sizes  are  0.7  mil  (0.0178  mm),  l.S  mils  (0.0S81  mm),  and  2 
(0.0S08  mm)  through  10  mils  (0.254  mm)  in  1-mil  increments. 

The  aluminum  wire  composition  is  typically  00',’.  .iliiminum  with 
1 silicon.  The  tensile  strength  of  the  1 mil  sire  is  11  to 

18  grams.  The  resistance  of  100  mils  (2. SI  mm)  of  length 
is  approximately  0.0  23  52. 

(he  gold  wire  is  tyiiically  00.01.  pure.  Tlte  tensile  strength 
of  the  I mil  sice  is  S to  0 grams.  I'lie  resistance  of  100  mils 
(2.S4  mm)  of  length  is  approximately  0.0  1 8 52. 
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riio  jH'ocos.scs , tcflmiciues  and  eiiuipmcnt  dcscriln'd  in  si'ii  ion 

are  those  jtenerally  used  in  the  fabrication  and  assembly  of 
hybrid  microcircuits.  What  is  being  achieved  li\'  eacli  jirocess 
step  is  more  significant  than  how  it  is  being  achieved,  because 
there  are  many  differences  between  individual  nuinu fac t ur i ng 
groups  and  especially  because  the  technology  is  constantly 
improv i ng . 

b.l  THIN  ril.M  SUBSTITATH  I-'ABR  ICAT  1 ON 

) 

The  secjuence  ol  labrication  processes  lor  thin  film  substrates  j 

is  shown  in  Figures  b.l-l  and  b.1-2.  ibis  text  describes  the 
processes  callctl  out  in  these  I igures.  (Alsi>  see  Section  S.l.) 

Substrate  Cleaning.  The  first  requirement  in  the  fabi'ication 
cycle  is  to  assure  the  cleanliness  of  the  substrate  surface. 

Foreign  matter  on  the  surface  will  prevent  the  adherence  of 
material  deposited  on  that  surface.  Many  different  materials 
and  techniques  are  used  for  cleaning.  One  impiM'tant  laupiirc'- 
ment  is  that  the  cleaning  process  insure  that  tin- re  is  lu'  ri'sidue 

of  the  cleaning  materials  themselves. 

» 

Vacuum  Deposition.  The  cleaned  substrates  are  placetl  in  a 
deposition  chamber  in  order  to  apply  the  resistive  and  con 
ductive  films.  The  deposition  eciuipment  is  either  a thermal 
evaporator  or  ;i  sputtering  chamber. 

A thermal  evaporator  is  commonly  a bell  Jar.  The  lesistive 
and  coiuluctive  materials,  in  bulk  fonn,  ai'e  placed  in  a ciucible 
in  the  center  of  the  bell  Jar  base.  The  substrates  are  placed 
arourul  and  above  the  crucibles,  in  some  fonii  of  holding  frame. 
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' Ihis  process  required  il‘  ceramic  contains  multiple  images  oi 
a smaller  sired  suhstrate,  oi'  if  an  individual  imai;e  uas 
lahricated  on  an  oversized  ceramic. 
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This  process  I'c'iiuii'eU  i I’  eoi.imie  eontoins  ninlti|ile  iinor.os  ol 
;i  sm.'iller  s i ;eU  sulist  r;it  e , nr  if  ;m  i ml  i \ i dii.i  1 ini.ire  >%.!■ 
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! 

so  that  the  substrate  surfaces  arc  approximately  pe r peiui  i c u I a r 
to  the  center  of  the  crucuble.  lT\e  bell  jar  is  jilaced  in 
position  over  the  substrates  and  crucibles,  and  a v'acuuin  is 
created  inside  the  Jar.  fhe  resistive  material  is  deposited 
first.  The  material  is  raised  to  vaporisation  temperature, 
at  which  time  molecules  of  the  bulk  material  evaporate  out 
of  the  crucible.  From  the  crucible,  the  molecules  move  in 
an  approximately  straight  path  in  all  directions  and  deposit 
themselves  on  whichever  surface  they  contact.  The  entire 
inside  surface  of  the  bell  Jar,  as  well  as  the  substrates, 
becomes  coated.  ; 

i 

A sjiuttering  chamber  operates  on  a different  principal  than 
a thermal  evaporator.  The  substrates  are  laid  f|at  on  a 
circular  tray,  which  is  placed  flat  on  the  base  df  the 
vacuum  chamber.  The  bulk  materials,  preformed  ir|to  disk 
shapes  (called  targets),  are  held  in  place  by  a drame  insidt' 
the  chamber  so  that  one  flat  surface  of  the  target  is  parallel 
to  the  substrate  surfaces. 

The  chamber  is  sealed  and  a vacuum  is  created  inside.  A 
small  quantity  of  argon  gas  is  introduced  into  the  vacuum. 

Ihe  gas  is  made  to  ionize.  The  target  is  e 1 ec t r i c a 1 1 v 
polarized  to  a [lositive  charge  (opposite  polarity  from  thi' 
ionized  gas).  The  ions  are  attracted,  at  a liigli  velocit\’, 
to  the  opjiosite  polarity  of  the  target.  The  ions  impact 
tlie  surface  of  the  target,  knocking  molecules  off  the 
target.  These  molecules  migrate  and  deitosit  t lu'msi' I ves 
on  any  surface  they  contact. 
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I no  most  wuioly  usou  resistive  material  is  niekel  eliromium 

(commonly  called  nichrome).  The  resistivity  of  nichrome 

typically  will  be  within  the  ranj>e  from  2.S  to  if)!)  ohms  per 

square  ( /n  )•  The  thickness  will  tvpicallv  lie  within 

o 

the  ranjte  i rom  100  to  750  A. 


I'antalum  nitride  is  another  resistive  material  freciuently 
usetl.  Its  resistivity  is  typically  within  tlie  ranqe  from 
1 00  to  000  SI  / □ . 

Cermet  is  used  occasionally.  Its  resistivity  is  typically 
within  the  range  from  .500  to  1,000  SI/q  . 

(he  circular  tray  revolves  like  a carousel,  bringing  each 
substrate  into  the  path  of  the  molecules  being  "sput  t e retl" 
off  the  target. 

The  gold  conductive  film  is  deposited  after  the  resistive 

film,  and  is  deposited  by  a repeat  of  the  previous  ]irocess, 

without  opening  the  sealed  chamber.  The  gold  is  not  ajiplicil 

to  the  full  thickness  rci|uired  for  the  substrate  electrical 

o 

1 unction.  Only  sufficient  gold  (~1S00  A ) is  a|)plied  to  make 
the  substrate  surface  conductive  enough  for  suhseiiuent  e 1 ec  t ro - 
n 1 a t i ng  processes. 

Several  factors  are  related  to  the  ultimate  resistivity  attained 
in  a sputtering  run.  Among  these  are: 

1)  the  integrity  of  the  vacuum  prior  to  introduction  of  argon 

2)  the  amount  of  argon  introduced 
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3)  the  relative  power  required  to  cause  ionication  and 
target  bombardment 

41  the  length  of  time  that  substrates  arc  exposed  to  the 
target  being  bombarded 

All  of  these  affect  the  final  thickness  of  the  sputtered  film 
and,  therefore,  the  resistivity  of  that  film. 

The  seal  is  then  broken  on  the  vacuum  chamlicr;  the  chamber  is 
opened,  and  the  substrates  are  removed. 

The  important  criteria  for  the  deposition  process  arc  control  o 
the  thickness  of  the  deposited  films  and  uniformit>'  of  tlie 
coating  (i.e.,  no  pin  holes).  fhe  sheet  resistivity  (ratetl  in 
ohm'^  per  scjuarel  of  the  resistive  film  is  determined  mainly 
by  the  film  thickness. 


Fa  ne 1 - PI  a t i ng  Cold.  Only  in  the  pa ne 1 - p 1 a t i ng  method  is  the 
gold  plating  done  after  deposition.  In  the  pa 1 1 e rn - p 1 a t i ny 
method,  gold  plating  is  done  after  the  photoresist  has  been 
exposed  and  developed.  In  ’■'ic  pane  1 - p 1 a t i ng  metluid,  the  entire 
surface  of  the  deposited  gold  film  is  jilated  to  inciease  the 
thickness  to  tlie  final  dimension  (typically  .SO  i,  in.  |l.J"|im) 
or  greater.  The  tltickness  and  porosity  of  the  jilating  are 
determined  by  the  amperage  of  the  plating  current  compared  to 
the  area  being  plated  (this  ratio  is  called  ''current  densitv"), 
the  concentration  of  the  plating  solution,  and  tlte  length  of 
plating  time.  I'hc  technique  tlerivcs  its  name  from  tins  process 
step.  Tlie  criteria  for  pane  1 - p 1 a t i ng  gold  are;  (Uitml  of  the 
current  density,  control  of  the  plating  solution,  atul  control  o 
the  [)  1 a t i ng  t i me  . 
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r i rs^  IHiot  oj'cs  i St  Application.  A photosensitive  material 
(called  piiotorcs  i St  ) is  next  applied  over  tlie  surface  of  the 
gold.  (For  pane  1 - p 1 at i ng , tliis  is  plated  gold.  In  pattern- 
plating, this  is  the  deposited  gold.)  The  hulk  photoresist 
can  be  applied  as  a dry  film  sheet  or  as  a liquid.  ihe 
photoresist  can  be  either  negative  or  positive  type. 

!iry  film  resist  is  tv’pically  thicker  tlian  liquid  resist. 

The  tlry  is  usetl  to  achieve  a uniform  tliickness  ovei'  a larger 
area,  or  wlien  subsequent  gold  plating  will  be  ilone  to  a 
thickness  greater  than  200  p in. 

The  photosensitive  dry  film  is  prel  ain  i nated  on  ,a  t ti  i n , clear 
plastic  sheet,  and  tlie  resulting  composite  is  typical  1\' 
supplied  in  a roll.  Prior  to  applying  the  dry  film  to  the 
sulistrate  surface,  both  the  substrate  and  dry  film  are  waniieil 
to  approximately  Oo”c.  While  still  warm,  the  sulistrate  is 
[ires sod  to  the  film.  The  dry  film,  along  with  its  clear 
plastic  cover,  adheres  to  the  substrate.  (The  clear  plastic 
will  he  re?noved  after  exposure.)  After  cooling,  the  dry 
film  is  ready  for  exposure  through  the  clear  plastic. 

Liquid  resist  can  be  applied  to  the  substrate  in  several 
ways.  The  substrate  can  be  dipped  into  a container  of  liquid 
resist.  fhe  substrate  can  he  p.assed  under  a roller  that  is 
coated  with  resist  (similar  to  the  ink  rollers  in  a printing 
[iress  I . Another  method  is  to  flood  the  substrate  with  resist, 
then  spin  the  substrate.  Spinning  causes  the  insist  to  s[iread 
evenly  over  the  surface  and  the  excess  resist  to  be  flung  oil 
the  substrate  edges.  The  resist  can  also  be  ap|ilied  through 
a spray  gun. 

After  ap|i  I i ca  t i on , the  liquid  resist  is  air-ilried,  then  oven 
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Tlic  criteria  for  photoresist  application  arc:  unii'orm  rcsi'.t 

thickness,  complete  surface  coverage,  and  good  adherence  to 
the  substrate  surface. 

Image  I-xposurc.  After  photoresist  application,  the  lx  scale 
conductor  mask  is  used  to  expose  the  photoresist.  flic  mask  may 
lie  either  glass  or  film.  Glass  masks  can  have  their  patterns 
in  emulsion  or  in  metal.  If  the  substrate  has  excessive  camber 
(curvature)  a film  mask  can  conform  to  the  curvature.  Glass 
cannot.  Mask  alignment  equipment  can  he  used  if  the  images 
are  very  small,  or  if  the  alignment  of  the  image  is  critical. 
Manual  manipulation  of  the  mask  by  the  operator  while  viewing 
through  a standard  microscope  is  sufficient  in  most  cases. 

When  the  mask  is  properly  aligned,  a low  vacuum  is  often  used 
to  hold  the  mask  in  position.  When  certain  alignmetit  equipment 
is  used,  the  mask  does  not  contact  the  resist.  Hie  light  rays 
are  very  well  collimated,  thus  eliminating  the  need  for  contact. 

Ultraviolet  light  is  then  exposed  onto  the  pliotoresist  through 
the  clear  areas  of  the  mask.  If  the  photoresist  is  a negat  ive 
tvpe,  the  light  causes  it  to  polymerice.  Positive  resist 
e\ pi'r  i ('IK  I's  a molecular  breakdown  where  the  light  strikes. 

Tlu-  light  is  maintained  for  a specified  time.  ih  i ^ timing 
is  important  to  create  a good  image  in  the  resist.  The 
e\[iosure  time  defieruls  on  tlic  sensitivit}'  of  tlu'  phot  ores  i :.t  . 

l.ven  when  the  mi-;k  does  contact  the  rc'^ist,  collimated  light  is 
olteii  used  to  retliice  the  spreading  ol  the  1 ight  ravs,  thus  gi\ing 
better  image  resolution.  After  ox)iosure,  the  \;Kuum  is  relea'^ed 
and  the  mask  reiiiovi'd  from  the  substrate. 
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In  the'  na  1 1 .-rn  - p ! -IT  i ng  iiH'thod,  the  image  on  tiie  mask  is  I'T  t lie 
‘.•fMKhictor  traek.s  nnly.  In  the  pattern  plating  method,  the 
image  is  a composite  of  both  the  conductor  tracks  and  the 
resist  o r s . 


The  criteria  for  the  exposure  process  ;ire  proper  alignment 
of  the  image  to  the  substrate,  and  proper  exposure  time. 

Photoresist  Dev^cloping.  After  image  exposure,  the  substrates 
are  immersed  into  or  sprayed  with  a solution  that  dissolves 
only  the  non-polymer i zed  or  soft  resist.  For  pane  1 - p 1 a t i ng , 
only  the  composite  image  is  now  covered  by  resist.  For  pattern- 
plating, only  the  conductor  image  is  now  exposed.  Ihe 
remaining  photoresist  is  next  air  dried.  Sometimes  oven 
baking  is  done  to  insure  better  adhesion. 

The  criteria  for  the  developing  process  are  control  of  tlie 
solution  strength,  time  of  developing,  equal  d i st r i Init i on 
of  the  solution  over  all  areas  of  the  substrate  and  complete 
removal  ol'  all  unwanted  resist. 


Visual  I ns  pec_t_i  (Ml . After  developing,  the  image  should  be 

visually  inspected  under  non-ultraviolet  liglit. 

Ihe  criter  ia  foi'  inspection  are  compU-te  de\ e 1 o|niient  , no 
ore  rd  ev  e I o[iiiien  t , image  resolution,  no  pin  holes  in  t lie  resi',t, 
and  p roiie  r a I i gnmen  t . 

Keji-et^  at  tliis  point  in  the  sequence  can  liave  1 lu'  photoresiM 
removed  aiul  new  resist  apiilietl.  Ihe  substrate  can  tiu'ii  be- 
roe  VC  I I'd  through  Image  lixposure  and  D('\e  1 op  i m; . 
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riatiii^  (A  ! J . Only  in  the  nattmi  nlatiny  iiictluHl  is 
f lu'  ”oid  platiny  d-Mic  after  jiiio  t n re  s i • t if'Ve  i o(i  i ny  . In  t li  i 
platini;  process,  yu  1 d is  plated  only  in  the  eondiietor  imaye 
areas.  (These  are  the  only  exposed  areas.)  The  substrate 
surface  now  has  tliick  gold  in  the  image  area  and  thin  gold 
ecerywheie  else. 

In  addition  to  the  criteria  described  for  ]iane  1 -p  1 at  i ng  , iiattorn 
plating  must  hare  good  image  resolution  (i.e.,  the  plating 
must  completely  cover  the  exposed  area  Init  not  sproad  under 
the  photo  res i st ) . 

Phot  ores i st  Remora  1 . Tor  pa  1 1 e r n - p 1 a t i n g , the  resist  is 
removed  before  etching.  Tor  pane  1 - p 1 a t i ng  , tlio  resist  is 
removed  after  etching.  I'he  removal  jirocess  consists  of 
subjecting  the  substrate  to  a solution  (differiuit  from  the 
developing  solution)  that  removes  the  hardened  photoresist. 

The  criterion  for  photoresist  removal  is  no  residue  of  either 
resist  or  removal  solution. 

first  Ttcjiing.  In  the  pane  1 - ]i  1 at  i ng  method,  there  are  two 
1 lehing  steps  involved  in  this  process.  first  the  ex]'osed  gold 
; tehed  down  to  the  resistive  film.  I'lie  su  list  rale  is  tlien 
••  f f^Ti'c'd  to  another  etching  station  where  the  lU'wly  ojiosed 
ti\-  film  is  etched  down  to  tlie  liare  ceramic. 

' ■ II’ , the  sulistrate  surface  consist-,  of  photoresist 

■ ite  image)  over  thick  gold,  with  rc-i'tive  lilm 
Rare  ci'ramie  is  exposi'd  e\(' ry wlu' ri'  other  than 
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In  p;i  1 1 o rn  - p ! a t I ill.)  , tho  pilot  o i s t Ikis  alrcnUy  Ihiii  romov  .al 

(■■•I'o  ! ij;ure  (;  . 1 1 ) . ':!io  .'iirlA.Oi.  h;is  i !i  : ^ k p i i ■ i-  ti.o  ;i  i c'.a 
of  conductor  tracks  only  ;ind  thin  pold  cveryuhero  ('Ise. 

The  entire  surface  is  subjected  to  a go  I d - ct chan t solution 
(I’otassiuni  Iodide,  Potassium  Cyanide,  or  Aqiui  Repin). 

This  etciiinp  continues  only  until  the  ttiin  pold  is  completely 
pone.  file  surface  of  the  thick  gold  has  also  been  etched;  but 
because  the  etching-time  stO]is  when  the  thin  gold  is  pone,  the 
thick  areas  arc  simply  reduced  in  thickness  by  a siiuill  pei'centage 

After  etching,  the  surface  of  the  substrate  consists  of  a com- 
plete layer  of  resistive  film  covered  with  thick  gold  only  in 
the  areas  of  the  conductor  tracks. 

The  criteria  for  the  etching  process  arc  control  of  the  strength 
and  temperature  of  the  etchant  and  close  control  of  the  etching 
time.  In  panel  - pi  at ing , the  gold  being  etched  is  thick,  so  the 
chances  are  greater  for  the  etchant  to  etch  under  the  pliotoresist 

Visual 1 ns pec t i on . Inspection  at  this  time  is  concerned  with 

the  effects  of  etching.  Complete  etching  is  recpiired,  and  onl\' 
a small  undercut  is  acceptable. 

.'^cond  Photorej;  iji_t  Appl  icat  ion  . The  |irevious  description  of 
photoresist  application  is  applicable  at  this  point  in  the 
sequence . 


The  criteria  of  uniform  coverage  and  good  adhesion  aie  more 
difficult  to  ma  i nt  a i n,  because  the  surface  is  lu'  longer  I'lat. 
The  etching  process  has  removed  material  from  coi-tain  artui'-. 


t> . 1 U’ont  . ) 


THIN  FILM  SUBSTRATF.  FABRICATION 


Image  exposure.  The  pi’i'V' ions  desei'iption  is  applu’ahle  heie. 

I’liotjDjes  i,.t  l)evcIopi;ig.  The  pi'evious  desei'iption  is  applicable 
but  timing  is  even  more  important  because  any  ove  rdeve  I oji  i ng  can 
do  more  harm  on  an  uneven  surface. 

V i sua  1 Inspect  imi.  I'he  inspection  at  this  st;ige  must  assuie 
gooil  adhesion  and  image  resolution  over  the  raiseil  etlges  o I' 
the  previously  etc-hed  films.  Rejects  can  be  recycled. 

Second  l^tcvh.  The  second  etch  is  performed  h\-  the  same  process 
as  previously  described.  I'he  tidhesion  and  resolution  of  the 
photoresist  as  well  as  the  control  of  the  etching-time  are  the 
important  factors. 

In  pattern-plating,  the  exposed  resistive  film  is  etched. 

In  pane  1 - pi  a t ing , the  thick  told  is  etched  in  the  areas  of 
the  resistor  pattern  only. 

Photoresist  Removal,  fhe  previous  description  is  aiiplicable 

here.  I 

V i syua  1 J^nspcctjpn.  The  inspection  at  this  point  looks  for  t 

complete  etching  and  minimal  undercut.  | 

i 

Resistor  Annealing.  This  process  subjects  the  substrate  to  30()‘\' 

for  approximately  two  hours  in  order  to  stabilize  the  resistor  j; 

material  before  trimming. 

I 

Resistor  frimming.  Before  lasers  were  introduced,  the  most  common 
methotl  of  trimming  thin  film  resistors  was  to  iis('  an  o I ol' I r i ca  I I \ I 


il 
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• V . . . .1.  i.,as  liroui^lit  cli'se  to  t !u'  ro'istor,  ;!ii 

I : 1 1 i' t f i a 1 a ra  l'cnii>'i.t  i t v.  <_  ru  t lio  tk%o.  in  i an  »\ouUl  Inin 

; a siiia  1 1 hole  Ihrougli  the  resistor  ma  I e t lal  ex|n)sinj’  the  haia.- 

I oeramio  below.  By  repeated  arcing  and  i)v  manipulating  the 

substrate  under  the  point,  a line  was  cut  into  the  resistor 
shape.  This  cutting  reduced  the  effective  width  of  the  resistor, 
and  in  so  doing  increased  the  resistor  value.  The  man i jm  1 a t i on 
of  the  substrate  was  controlled  by  an  x-y  table.  Tbe  resistor 
value  was  measured  while  the  trimming  process  was  being  done; 
and  the  process  was  stopped  when  the  desired  value  was  readied. 

Trimming  with  a charged  needle  can  consistently  achieve  accura 
cies  of  approximately  of  the  desired  value.  Manual  movement 

of  the  suiistrate  was  a time  consuming  process. 

baser  trimming  accomplishes  the  cutting  of  the  resistor  by 
focusing  the  laser  beam  in  a small  spot.  The  intense  heat 
generated  in  that  spot  burns  away  the  resistor  material. 

The  size  of  tlie  spot  is  controlled  mucli  better  than  witii 
electrical  arcing.  The  size  of  the  spot  is  a]i]irox  imate  1 y 
0 . .S  mils  f0.0127  mm)  diameter.  Manual  manipulation  of  the 
substrate  is  still  widely  used.  Accuracies  of  70.01"  can  tie 
acli  i e ved  . 

Automatic,  jirog  rammab  I e laser  trimming  e<|uipment  is  also 
available.  This  system  does  not  move  the  suiistrate.  i'lie 
laser  spot  is  moved  to  the  desired  locations  by  tlie  mani|ni 
lation  of  reflective  mirrors. 
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Khoii  t lu'  ;irn|n'rl>'  alii',iu'd  in  the  work  -'Tation, 

multiple  pi'olies  eontaet  the  eiiil  - term  i na  1 s ol\all  tlie  substrate 
resistors  simultaneously.  The  equipment  is  preprogrammed  to 
measure  a resistor  value,  trim  the  resistor  to  a higher  value 
ii  necessary,  then  move  on  to  the  next  j'esistor  on  the  substrate. 

It  repeats  this  secpience  for  all  the  resistors  on  one  substrate 
without  movement  of  either  the  substrate  or  tbe  probes. 

Preprogrammed  trimming  can  be  done  very  fast,  iiO  I'esistors  in 
1 .'i  seconds  is  not  unusual.  Accuracies  of  to.O.S"  of  desired 
values  is  to  be  expected  in  this  high  speed  mode.  Repeatalile 
accuracies  of  ^0.01)2"  arc  readily  achieved  in  a slower  trimming 
mode,  when  necessary. 

Dynamic  trimming  can  be  performed  on  those  resistors  whose' 
final  value  cannot  be  determined  until  tbe  resistor  is  functioning, 
witbin  its  electronic  circuit.  Since  dynamic  trimming  is  done 
to  a completely  assembled  substrate,  all  handling  (especial Iv  the 
placement  of  the  probes')  must  be  done  very  careful  Iv  to  avoid 
damaging  components  or  bonded  wires. 

The  criteria  for  resistor  ti'imming  are  accuracy  of  the  final 
resistor  values,  no  excessive  trimming  that  reduces  the  resistor 
size  to  less  than  the  minimum  allowable. 

Sc  r i h e a ml  B r ea  k . Ibis  process  step  is  only  reipii  rei.t  it  tbe 
substrate  contains  multiple  images  of  a smaller  substi'ate  o i- 
if  an  imlividual  image  is  fabricated  on  an  oversized  substrate. 

It  is  not  unusual  that  when  bare  ceramic  is  not  a\a liable  in 
the  retpjii'cd  size  then  an  oversized  one  is  substituted. 
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In  tills  process,  a diamond  tiji  is  used  to  scribe  lines  into  tiie 
ceramic  surface.  The  scribe  lines  define  the  size  of  the  final 
substrate.  The  substrate  is  usually  held  in  a fixed  position, 
and  the  diamond  tip  is  passed  over  the  substrate  surface.  I he 
diamond  tip  must  be  maintained  sharp  to  ensure  sufficient  deinh 
of  the  scribe  lines.  In  addition,  the  angle  of  the  tip  in 
relation  to  the  substrate  surface  is  critical. 

After  all  scribe  lines  are  created,  the  substrate  is  pressed 
over  a straight  edge  (located  along  a scribe  line)  until  the 
substrate  breaks  along  the  scrihe  line.  This  breaking  is 
repeated  at  each  scribe  line.  The  final  result  is  one  or  more 
substrate  having  the  required  final  size. 

The  criteria  for  tlic  sc ribe-and -break  process  are  accurate 
location  of  the  scribe  lines,  and  minimum  raggedness  of  the 
broken  edges.  The  maximum  raggedness  is  dictated  by  the 
maximum  allowable  dimension  of  the  substrate  and  the  proximity 
of  the  metallization  pattern  to  the  edge  of  the  substiate. 

Cleaning.  fhe  final  cleaning  is  pi'imarily  to  remove  oils 
incurred  in  handling,  particles  remaining  from  scribe- 
and  break  and  residue  or  ash  from  trimming. 

1m  na  I Ijyspcyc  t i oji . This  last  inspection  is  primarily  concerned 

with  cleanliness,  excessive  trimming  of  the  resistors  aiul  damage 
to  the  substrate  pattern  due  to  raggedness  o I'  the  broken  t-dges. 
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AUTOR/VriC  PROGRAMMABLH 
LASER  TRIMMING  EQUIPMENT 
WITH  TELEVISION  VIEWING 


THIN  FILM  HYBRID 
WITH  LASF.R  TR1’'IMED 
RESISTORS 


SCR  I BE- AND-  BREAK  EQIJ I I’MIiNT 


MULTIPLE,  probe:  TF.ST  l•lX■mRI 
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In  this  si'L-tion,  fabrication  processes  are  descrilied  for  tliick 
film  suhsti-ates  havini^  a single  layer,  multiple  layers  usitig 
cross-over  dielectric  bridges  aiul  multiple  lax’ers  using  contin- 
uous dielectric  planes.  The  processes  dcscriiied  in  this  text 
are  repeated  wherever  sliown  in  the  flow  tiiagrams.  Multila\ei" 
substrates  reipiire  many  repeated  processes.  The  double  ajipli 
cation  of  the  same  dielectric  pattern  is  done  to  prevent  pin 
holes  in  t h e d i e 1 ec  t r i c 1 a yo  i’ . 

In  thick  film  fabrication,  each  image  pattern  reijuires  a 
separate  screen.  Tlie  processes  used  for  screen  prepa  >a  t i <in 
are  sliown  in  Figure  h . 2 - I . (Additional  descriptions  are  in 
Sec  t i on  8.2.) 


igure  (1.2  I ShQUFNCIi  OF  I'ROChSSF.S  FOR  miCK  FILM 
SCRFliN  I’RIH’ARATION 
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GOOD  IMAGL  UPT'INITION 
WITH  PROPP.R  ALIGNMLNT 
ON  SUBSTRATP. 


Til  i s operation  ami  all  .subsequent  ones  are  onl\’  reipiireU 
ir  tlie  ima,ue  Uefinition  or  the  alii’iiment  are  not  aceeplal'U 

^ I'he  secpience  of  I’aste  Removal,  Screen  .Alignment  and 
Machine  Ail  J us  tment  , Printing,  and  Visual  Inspection  is 
repeated  as  many  times  as  is  necessarv. 


Pigure  PROtUiDURi;  I'OR  SCRPPN  INSTALLATION  AND  MACHINI 

AD.IIIS  IMPNT 
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Boforo  each  now  ima^c  can  he  printed  on  tlie  siiltst  rates , the  new 
sci’een  must  replace  the  one  previously  used  in  the  in'inter.  The 
new  screen  must  he  properly  aligned.  Screen  mounting  and  align- 
ment  consists  of  the  process  steps  shown  in  I'igure  (i . 2 - 2 . Ihese 
several  steps  are  referred  to  in  Figures  h.2-S  through  (> . 2 - a 
as  "Screen  Installation." 

The  set|uence  of  fahrication  processes  for  single  layer  suhstiatc'< 
is  shown  in  tlie  flow  diagram  of  Figure  h . 2 - .v . The  secpience  foi- 
multilayer  suhstrates  using  cross-over  dielectric  bridges  is 
shown  in  Figure  b.2-4.  For  multilayer  suhstrates  using  continu- 
ous dielectric  layers,  the  sequence  is  shown  in  Figure  0.2-a. 

Fach  process  step  shown  in  these  three  flow  diagrams  is  pertoniievf 
on  every  suhstrate  of  the  lot.  The  entire  lot  gcu's  I'l'om  one 
jirocess  step  to  the  next. 

Ihe  following  text  describes  the  processes  called  out  in  the 
five  figures. 
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* Mien  excessive  amounts  of  foreign  material  are  present 
tlie  substrate,  a cleaning  step  is  done  first. 


I'lie  second  resistor  paste  is  printed  lu'fore  tlie  first  paste 
is  lired.  The  two  are  fired  simultaneously  (called  ”co  firing”), 
because  the  first  resistor  values  would  lu'  affected  bv  a seciuul 
f i r i ng  . 


Figure  ti . 2 - 7> 
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* When  excessive  amounts  ol'  Tore  inn  material  are  iiresent  on 
the  substrate,  a cleaninn  step  is  done  first. 
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I iii;i  v;r  l.x  po  su  r o . TIu'  screen  used  in  tliick  film  t'nl)  r i ca  t i on  is 
stec'l  oi-  polyester  inesli  containing  from  80  to  400  strands  per 
incli.  I'lie  screen  is  stretclied  on  a metal  frame  that  can  be 
installed  into  the  screen  printer.  I'lic  tension  of  the  stretched 
screen  must  he  abov'c  a certain  minimum.  i'hc  undersiile  of  the 
screen  is  coated  with  a ]jhotosens  i t i \'c  emulsion. 

The  lx  scale  image  is  brouglit  in  contact  witb  tbe  screen  emulsion, 
then  using  ultraviolet  light,  the  image  is  exposed  in  the 
emulsion.  The  emulsion  polymerizes  wherever  the  light  strikes. 
Since  the  emulsion  is  a negative  type,  the  image  film  is  light- 
field,  r i gh t - read  i ng  emulsion.  Close  contact  between  film  and 
emulsion  as  well  as  correct  exposure  time  are  important  to 
create  ;i  sharply  defined  image  in  the  emulsion. 

Although  the  printer  provides  the  capability  of  manually  adjusting 
the  screen  location,  each  screen  within  one  set  (for  one  substrate) 
should  have  its  image  located  to  match  the  others  in  the  set. 
Accurate  placement  of  the  image  within  the  frame  minimizes  the 
need  for  manual  adjustments  later  during  the  screen  installation 
and  set-up  process.  Criteria  for  the  image  exposure  process  a I'e 
intimate  contact  between  the  film  and  screen  emulsion,  correct 
exposure  time,  and  proper  location  of  tbe  image  with  resirect 
to  the  frame. 

Image  [leve  1 opmen  t . After  exposure  the  screen  emulsion  is  de\e  loped 
in  wann  running  water  which  dissolves  tlie  non  - po  1 sane  r i zed  emulsion. 
This  I'emoves  emulsion  on  1 from  the  area  defining  the  imttern  o I' 
paste  to  be  ajrplied  to  the  substrate. 

Criteria  for  the  development  process  are  complete  removal  of  the 
non  polymerized  emulsion  to  achieve  gootl  image  rc'si' 1 ut  i on . 
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\ L 1 ns  pcc  t i on  . Inspection  at  t li  i s point  checks  I'or  iina!',e 

resolution,  pinholes  in  the  rciiiaininj’  emulsion,  location  of 
the  ima.ije,  and  complete  removal  of  emulsion  within  the  ima.ue 
pa  1 1 e rn  . 

B1 PC k- Out . When  inspection  of  the  developed  screen  reveals  pin 
holes  or  any  other  undesirable  open  areas  in  tiie  emulsion,  these 
openings  can  be  closed  by  hand  - pa i nt  i ng  with  blockout  solution 
w'hich  dries  in  3 to  5 minutes. 

Criteria  for  the  block-out  process  arc  careful  application  of 
the  solution  to  avoid  spreading  into  the  image  areas,  coinjilete 
closure  of  the  undesirable  openings,  and  control  of  the  amount 
of  solution  to  avpid  lumps. 

Oven  Drying.  After  developing,  the  emulsion  is  oven  dried  at 

in  order  to  harden  it  to  its  full  strength,  and  to  ensuie 
its  adhesion  to  the  screen. 

Criteria  for  the  baking  process  are  correct  temperature  and 
t i me . 

After  baking,  the  screens  are  ready  to  he  used  in  the  printing 
process.  i'he  emulsion  can  later  be  removed  and  a new  emulsion 
ajM’licd,  permitting  the  screen  preparation  processes  to  be  per 
formed  again  to  create  a new  image  on  a screen. 
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Sl'  rccii  Mount  li^g.  In  many  screc'ii  pi'inters  the  screen  is  inoiinteil  to 
t lie  printer  usinj>  only  screws.  The  clear.ince  holes  for  the  screws 
are  not  close  fittini;  to  the  shaft  of  the  screws  and  thus  do  not 
piovide  repeatable  aliitnment  for  each  suhsciiuent  screen.  X,  \ 
and  rotary  (called  ''Theta"!  adjustment  screws  pi’ovide  the  capa- 
bility to  manually  adjust  each  screen  position  after  the  scic'on 
has  been  mounted  on  the  machine. 

Certain  manufacturer's  machines  in  addition  to  mounting  screws, 
have  jiuule  pins  that  fit  into  holes  in  the  screen  frame.  The 
close  tolerance  mating  of  the  pins  and  holes  provide  repeatable 
alignment  of  each  subsequent  screen  frame.  Other  methods  (instead 
ol  guide  pins!  have  also  been  used  to  proviilc  repeatable  location 
of  each  screen  frame. 

Hepea tab  1 c- sc rcen - 1 ocat  ion  within  the  machine  does  not  eliminate 
the  need  to  adjust  the  first  screen  to  the  first  substrate.  It 
does  eliminate  the  need  to  repeat  the  adjustment  for  each  subse- 
cpient  screen  in  the  same  set.  (A  set  consists  of  all  the  screens 
retpiired  for  one  substrate.! 

figure  U.1-1  shows  the  screen  alignment  procedure.  I'h  i s iirocodurc 
may  bo  necessary  only  once  per  set  of  screens  or  once  per  each 
screen  within  the  set. 

tlriteria  for  screen  mounting  are  proper  mating  of  the  screen 
frame  to  the  mounting  surface  in  the  machine,  and  complete  tig.ht 
en i ng  of  the  mounting  screws  to  prevent  movement  of  the  screen 
after  the  printing  cycle  begins. 

Print  ijij;.  this  process  is  sometimes  called  "Screen  Printing."  or 
"Screening."  The  bare  ceramic  substrate  is  placed  in  i>i>sition  aiul 
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lu-lvi  .11  piacc  l>y  \;uuiim.  Reel  angular  shaped  sulist  rates  are  usual  Iv 
hutted  against  stops  on  two  sides,  making  it  eas\  to  slide  the 
suhstrate  into  jiosition.  Curx'ed  substrates  usua  1 1 v reijuiie 
SOUK'  unique  locating  provisions. 

It  is  important  that  the  paste  he  completely  homogeneous.  llnevt'n 
distribution  of  particles  within  the  paste  will  change  the  resis 
tivity.  Bd'ore  each  use,  tlie  paste  should  be  stirred  thoroughlv. 
(I’lacing  the  paste  jar  on  constantly  moving  rollers  is  unsat  is 
lactory,  because  the  net  result  is  that  the  pai'ticles  in  the 
paste  are  being  ball-milled  down  to  smaller  and  smaller  sizes. 

This  also  changes  the  resistivity.) 

The  paste  to  he  printed  on  the  substrate  either  flows  aut  oma  t i c a 1 1 \- 
t rom  a reservoir  to  the  top  side  of  the  screen  oi'  is  manual  1\- 
applied  using  a spatula. 

IVhen  the  actuating  switch  is  pressed,  the  printing  cycle  begins 
with  t lu'  subs  t I'a  te  - ho  1 tl  i ng  - p 1 at  IT)  rm  moi'ing  forwaril  undei'  the 
sert'en.  The  scpieegee  then  moves  across  the  toj)  surface.'  o I'  the 
screen,  forcing  the  [laste  through  the  open  areas  in  the  screen 
emulsion.  fhe  paste  being  sciueezed  through  the  openings  adheres 
to  the  substrtite  forming  the  image  pattern  on  the  substrate. 

I'he  sub  s t r;i  t e - ho  1 d i n g - p 1 a t fo  rm  then  retui'iis  to  its  stai'ting  posi 
t i on  where  the  newl\'  printed  substrate  is  accessible  to  the 
operator.  The  sc|ueegce  moves  back  to  its  stai'ting  position  at 
oiu'  c'lid  of  the  sc  reen , inish  i ng  the  remaining  jiaste  also  to  that 
I'lul  of  the  screen.  .\'ow  - platform,  si|ueegee,  aiul  jiaste  are  al  1 
in  position  to  begin  the  nc.\t  cycle.  fhe  printed  substrate 
is  romov'^cd  and  a bare  substrate  is  iilaced  in  position.  Before 
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1,  tlic  printed  substrate  can  be 
Some  screen  print  ini;  macliines 
the  printed  substrate.  In  sucli 
fTiciont  to  hav'e  the  substrates 
riie  vvct  paste  can  be  air  dried 
e r . 


i ns  pt' t etl  mull'  r a m i c ro 
can  be  set  to  aut  oiiiat  i i a 1 1 >■ 
an  automatic  mode,  it  is 
ejected  onto  a conveyer 
and  oven  dried  on  the 


y criteria  for  the  printiiyy  process  are  as  follous: 

tiorrect  image  alignment  to  sulistrate. 

Close  parallelism  of  screen  to  substrate  surface. 

I’roper  pressure  of  siiueegee  on  screen  and  resultant 
pressure  of  screen  on  sulistrate.  Sometimes  the 
screen  docs  not  make  contact  to  the  substrate;  in 
which  case,  the  space  between  is  critical.  lixeess 
squeegee  pressure  can  cause  the  pattern  to  spread 
excessively  on  the  substrate. 

Proper  tension  of  the  screen. 

I’roper  squeegee  speed,  hardness,  angle  of  squeegee. 

Proper  viscosity  of  the  paste  to  suit  the  screen 
mesh  size,  the  speed  and  pressure  of  the  squeegee, 
and  the  width  of  the  pattern  lines  being  printed. 
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\j  J 1 aspect  ion  . After  the  print  inr  of  tlie  fir^t  s iih  s t r;i  t c*  in 

tiie  lot,  visunl  inspection  looks  for  improper  n I i p,  nmcMi  t of  iFMopi' 
to  suhstrate,  incomplete  coverage  of  the  imape  area,  ami  excess 
paste  spreading  l)eyond  the  image  size.  This  insnc'ction  sliould  be 
f;erformed  periodically  as  the  lot  of  substrates  is  being  printed. 

Pa_stc' Itmiiova^.  If  visual  inspection  reveals  that  the  neivlv  jirinted 

wet  paste  is  unacceii  tab  1 e , the  paste  can  lie  wiped  off  the  substrate 
using  a so  1 vent  -soaked  lint-free  wiper.  (These  wipers  containing 
.gold  paste  can  later  be  processed  to  reclaim  the  gold.)  The 
solvent  evaporates  quickly  in  open  air,  and  a new  paste  pattern 
can  be  applied  to  the  same  substrate. 

Screen  Alignment  and  Machine  Adjustments.  If  tl\e  image  is  not 
properly  aligned  to  tlie  substrate,  the  location  of  the  screen  in 
tlie  machine  is  modified  using  the  X,  V,  and  Theta  adjustment 
screws  in  the  machine. 

II'  the  image  is  defective  in  other  ways,  various  adjustments  mav  be 
needed.  The  cause  of  the  defect  must  be  Judged  by  the  operator, 
excessively  low  viscosity  and/or  higli  sc]uecgee  pressure  m;i\’  cause 
the  image  lines  to  spread  on  the  substrate.  excessively  liigb 
viscosity  and/or  low  s(|ucegce  pressure  may  c.ause  the  image  to  be 
interrupted.  Non  uniform  printing  may  be  caused  b\-  lack  of 
parallelism  and/or  too  large  a gap  between  the  screen  and  the 
substrate.  These  are  only  examples  of  : he  causes  of  defective 
print  images.  The  secpience  of  I’aste  Removal,  Screen  Alignment 
ami  Machine  Adjustment,  Printing,  and  Visual  Insiu'Cticm  is 
reiteated  as  many  times  as  necessary  to  achieve  g.ood  image  defi 
nit  ion  along  with  proper  alignment  on  the  substr.ite.  If  t he 
im.age  on  each  screen  has  been  previously  locat<'d  t ('  matih  the 
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imaiiC  in  each  of  the  other  screens  in  the  set,  then  this  repeated 
secjuence  should  only  be  necessary  on  the  first  substrate  of  the 
lot  . 

Screen  Installation.  This  process,  called  out  in  Figures  (i . 2 - S , 
6.2-4,  and  6.2-5, can  be  the  entire  sequence  (and  repeated 
scciuencesj  of  process  steps  shown  in  Figure  6.2-2;  but  usually 
the  entire  sequence  is  only  required  on  the  first  screen  of  a 
set.  When  another  screen  of  the  set  is  installed,  it  usually 
requires  only  slight  adjustment  of  the  image  alignment. 

Air  Drying.  This  process  consists  of  simply  allowing  the  wet 
paste  on  the  substrate  to  dry  at  room  temperature  in  open  air 
for  approximately  10  minutes.  This  process  is  needed  to  permit 
the  drying  to  begin  slowly.  Accelerated  drying  of  newly  applied 
paste  can  create  a dry  film  on  the  surface  only  while  trapping 
solvents  below. 

The  criterion  for  air  drying  is  that  the  paste  surface  has  had 
sufficient  time  to  level  out. 

Oven  Drying.  This  process  accelerates  the  drying.  It  consists 
of  baking  the  substrates  at  approximately  125*^0  for  approx  i ma  t e I '• 
10  minutes. 

The  dry  film  thickness  of  resistive  pastes  has  an  important 
influence  on  the  resistivity  of  the  material  after  firing.  I’aste 
manufacturers  usually  specify  the  effect  of  the  dry  film  Ihickness 
on  the  as  - f i r ed- re s i s t i V i t y . Figure  p.2-6  is  an  example  ol  such 

a specification. 

fhe  criteria  for  oven  drying  thick  film  paste  is  that  the  paste  be 
thorougiilv  dry. 


P - 50 


BIROX*  1400-SERIES  RESISTOR  COMPOSITIONS 
EFFECT  OF  PRINT  THICKNESS  ON  FIRED  RESISTOR  PROPERTIES 


(Cont.)  lillCK  FILM  SUBSTRATF.  FABRICA'HON 


O V ^ ^ 

o <>i 


i 8 g 

in 


8 2 8 2 


8i  .E  I 

(/I  k-  O 

oj  Q.  s: 


' o>  0)  m 

2;  jz  ja 


•”  to  QJ 

w.  y 
,E  <D  c 

O)  'b 
Q.  ^ 

♦-« 

*D  ^ C 


' -T;  I I ’■ 

' c 6 > 

2 2-S 

. o 2 2 


XJ  £ O 

^ >co  2 

^ L) 
O O — ■£ 
Q.  <71  O » 


- ^ ™ 
to  a)  r- 

O C 


k_  to  • 
Q>  C O 

,C  S ^ 

O.  bi  O 


o o 
V-  O)  "O 
CJ  ^ QJ 


E c 

2 ^ ^ — 

to 

, to  to 
CO  ^ 

E ^ 5 

0>  to  CJ 

to  QJ 

s|- 

.yog 

.9 


E 

(O  "O 
3 C O 
CT  <0  ^ 


0)  5 

Q-  to 
-C  QJ  to 
^ x;  to 


Q P (U 

M-  I-  "D 
O C.  0) 

U 4) 

C*  CO  o 

0)  > 
f—  c o 


CT  c <n 

- y 

« C 
p <7  o 
C M U 


^ o|  I 

•“  ^.2  fe 

o G)  -p 

X3  .r 


S -Q  O 

H3  i- 

-s  ^ 

c 2 ■“ 
.9  o.  S 

to 

2 2 

-c:  cu 


•I  s s; 

tri  a;  CD 
"O  c 
CO 

c -o  x: 
c c o 
C. 

(D 

M-  (X  ^ 

o> 

4-*  h-  C. 
U X 
o>  *n  o) 
:::  c c 

0>  CO  3 


B - 3 1 


Figure  ft.  2-6  FFFFXT  OF  I'RIFn  F’RINT  THICK.N’LSS  0\  RF;SrSTr\'rrV 


b.l  (Cont  . ) THICK  I'lLM  SIJBSTR;\TF,  l■ABRICATION 


I-  i i~  i n t;  ■ After  the  printed  paste  has  been  dried  tlie  substrate  is 
ready  for  the  firing  process.  The  substrates  are  u laced  on  the 
continuously  moving  belt  of  the  furnace  which  carr  es  them  tlirough 
the  various  heat  zones  inside  the  furnace.  'I'he  furnace  heat 
evaporates  all  tlie  organic  material  in  the  paste  and  causes  the 
metallic  and  glass  particles  to  fuse  to  each  other  and  to  the 
substrate.  When  the  substrates  emerge,  thev  can  be  manually 
unloaded  from  the  belt  or  permitted  to  fall  off  the  end  into  a 
container. 

Thick  film  furnaces  have  three  to  twelve  separate  heat  zones. 

The  substrates  carried  through  the  temperature  zones  reach,  in 
graduated  steps,  a peak  temperature  in  the  range  from  500 °C  to 
1000°C,  depending  on  the  particular  paste  on  the  substrate. 

The  usual  way  of  checking  the  temperatures  within  the  belt  furnace 
is  to  place  a thermocouple  on  the  belt  and  as  the  thermocouple  is 
carried  through  the  furnace  the  temperature  at  any  point  within 
the  furnace  can  be  measured.  A graph  of  temperatures  within  the 
furnace  is  commonly  cal  led  the  furnace  "profile."  The  process  of 
measuring  temperatures  and  adjusting  [where  necessary]  is  called 
"profiling  the  furnace."  One  manufacturer's  recommended  profile 
is  shown  in  Figure  6.2-7. 

Many  thick  film  pastes  are  intended  to  be  fired  in  an  air  atmos- 
phere, but  when  necessary,  inert  or  reducing  atmospheres  can  usu 
ally  be  piped  into  the  furnace.  Nitrogen,  forming  gas,  and  hydro- 
gen arc  the  most  common  gases  used.  (The  use  of  hydrogen  necessi- 
tates careful  safety  precautions  because  hydrogen  is  so  volatile.] 

Safety  precautions  are  also  important  whenevei’  beryl  ia  substrates 
are  to  be  fired  because  berylia  fumes  are  highly  toxic. 
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riie  as-iircd  resistivit>’  of  resistive  paste  is  influeneeil  h\  the 
peak  r i r i ipt;  temperature.  Slieet  resistivity  is  also  ari'eetecl  li\- 
the  lenjtth  of  time  of  the  firinc  cvcle.  fiiuire  (>.2-S  shows  two 
graphs  that  depict  one  manufacturer's  ratinus. 

The  resistor  temperature  coefficient  of  resistance  (Tt'R)  is  also 
inlluenced  bv  both  peak  i'irinp  te;i!pera  ture  and  firing  time, 
fipure  b.2-9  shows  pmphs  of  these  two  effects  for  five  different 
paste  materials. 

The  most  important  criteria  for  the  firing  process  are  the  belt 
speed  and  the  furnace  profile. 

Resistor  'frimming.  Laser  trimming  for  thick  film  I'esistors  is  the 
same  as  described  in  Section  6.1.  For  resistors  hav'ing  widths 
> 0.0  20  ( 0..S08  mml  , abrasive  trimming  can  be  performed.  This 
process  sprays  a fine  mesh  grit  through  a small  noczle  to  "s.iiul 
blast"  the  resistor  material.  Ahrasive  trimming  can  jiroduce 
accuracies  of  -.S". 

C 1 ea n i ng . The  cleaning  process  for  thick  film  substrates  is  the 
s.'ime  as  describeil  in  Section  (i . 1 . 

f 1 ec  t r i c a 1 Test.  The  substrate  electrical  test  called  out  in  the 
multilayei'  flow  diagrams  is  a continuit\'  checkout,  performed  to 
detect  any  shorts  or  open  circuits  under  the  dielectric  matei-ial. 
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BIROX-  THICK  FILM  RESISTORS  FIRING  PROFILE 


The  sUiiHldril  RIROX  piotilp  reproduced  below  iS 
.1  hOrnmufe  cycle  wtth  10  murutes  rf!  d peak 
lempeidiuie  ot  850  C There  are  three  critical 
segments  ot  the  firing  curve  300  450  C in  the 
hejtin^  piiftion  of  the  cycle  where  the  organic 
hinders  jre  rf>rnoved.  the  peak  temperature  range, 
and  600  375  C m the*  cooling  portion  of  the 
( ycle.  wfuch  is  the  annealing  range. 

Heatirrg  rates  in  the  300  450  C range  sfv' ilrJ  he 
slow  enough  to  allow  complete  removal  ot  organic 
materials  before  the  glass  m the  composition 
softens  Heating  rates  should  not  exceed  60  C' 
minute  m this  range. 

The  peak  firing  temperature  and  time  at  tempera 
ture  determine  the  resistivity  and  TCR  of  the  fired 


resistors.  An  increase  in  either  temperature  or  lime 
at  peak  causes  a decrease  in  sfieet  re:istivity.  In 
creased  temperature  causes  a positive  *.ange  m 
TCR  while  increased  time  at  peak  shifts  TCR  in  a 
negative  direction 

It  IS  important  that  the  cooling  rate  in  the  tempeia 
ture  range  between  the  softening  point  and  anneal 
ing  point  of  the  glass  (600  375  C)  be  relatively 
slow  (less  than  60  C 'minute).  Tins  allows  resulu.ii 
stresses  set  up  by  the  differences  in  expansion 
characteristics  of  the  conducting  and  vitreous 
phases  to  be  relieved  while  tfie  glass  is  at  relatively 
low  viscosity.  Very  high  cooling  rates  can  lead  to 
both  erratic  TCR's  and  stability  problems. 
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EFFECT  OF  PEAK  FIRING  TEMPERATURE  AND  FIRING  CYCLE  TIME 
ON  FIRED  RESISTOR  PROPERTIES 


BIHOX  1400Serit’S  resistor  com|K)sitions  dre  for 
niulatt.’d  for  finny  in  dir  tfirough  a bell  furnace.  A 
nO  mmule  cycle  with  a peak  temperature  of  850  C 
.iMCI  d 9 10  minute  soak  is  recommende*d.  (See 
iHilleiin  A 8192?  for  details.)  Satisfactory  results 
can  he  obtained  wfien  Ifiis  firing  schedule  is 
'uodified,  f)ut  the  fired  resistor  properties  — 
particularly  resistivity  and  TCR  will  vary  from 
rfiose  obtained  with  the  recommended  peak  firing 
t*-mperaiurp  and  finny  cycle  time. 

The  information  presented  shows  the  effects 
on  resistivity  and  TCR  of  varying  the  peak  temper- 
ature from  800  to  900  C and  varying  tlie  belt 
speed  to  change  tne  cycle  tirtie  from  45  to  75 


minutes.  1400  Senes  compositions  are  relatively 
insensitive  to  variation  in  tfie  firing  schedule,  but 
this  information  confirms  the  necr*ssity  of  conimi 
and  reproducibility  of  firing  conditions  to  ohitiin 
predictable,  reproducible  fin'd  resistor  prop»M  in-. 

The  information  presented  is  based  on  evulu.i 
tions  of  8IROX  1400  Senes  resistor  composiiKws 
and  IS  believed  to  be  typical  of  thesr'  materials 

The  relationships  depicted  can  be  useful  in 
predicting  the  results  which  will  be  obtained  wle-n 
the  recommended  firing  scfiedule  is  not  userl.  i^r 
alternatively,  in  determining  the  probable  cause  ot 
unexpected  changes  in  tired  resistor  properties. 


8iR0**i4OO- SERIES  RESISTORS 
typical  effect  of  peak  FIRING  TEMPERATURE 
ON  SHEET  RESISTIVITY 

GOMmule  Total  Cyd*.  Pd/Ao  86St  Tcrminotions 
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0IROX-14OO*  SERIES  RESISTORS 
TYPICAL  EFFECT  OF  LENGTH  OF  FIRING  CYCLE 
ON  SHEET  RESISTIVITY 
850*C  P*ok  Temp,  Pd/Au  0651  Terminotions 
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If  tlie  checkout  is  to  he  peri'oi'ined  m.iiiua  1 1 >■ , two  hatul-lu'hl  nrohes 
are  placed  at  anp  top  i- i a t ('  points  on  the  comiuctor  t racks  and  tlie 
connection  or  lacl.  of  connection  betweeti  the  two  is  iiulicatc-d  h\- 
a lic.ht  oi'  bur.zer.  I'ach  probe  is  moved  rrom  place  to  place  (as 
described  on  the  orohe  list)  and  a read  i nr  taken  at  each  nlaci'. 
Manual  r^robini;  of  approx  imate  1 v 1200  points  can  take  up  to  111 
hours.  A more  complete  description  of  manual  continuity  checkout 
is  i ven  in  Section  4 . o , Multilayer  Substrate  Tests. 

If  automatic  checkout  equipment  is  useii,  the  substrate  is  placed 
in  tlie  fixture  and  multiple  probes  make  contact  to  all  the  sub- 
strate points  simultaneously.  The  automatic  equipment  compares 
each  [)robe  point  to  every  other  probe  point.  Older,  continuit'- 
checkout  equipment  usinp  steppino  switches  can  check  1 200  Tioints 
in  approx  imate  1 V S minutes.  Newer,  solid  state  eiiuioment  c.in 
perform  much  faster.  A description  of  the  relationship  between 
the  multiple  probes  and  the  substrate  pattern  is  given  in  .Section 
4 . .A . 

An  important  criterion  for  electrical  testing  is  good  contact 
between  the  probes  and  the  substrate  conductor  tasks.  TIi  i s i > 
important  for  both  automatic  and  manual  piocedures. 

In  manual  checkout,  correct  placement  of  the  probes  is  an  important 
criterion.  (lirrors  tvnicall\'  increase  as  the  operator  beconu's 
fa  t i gued . ) 
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Resistors  can  l)c  integral  to  a multilayer  sub  s t ra  t e,  and  ulien  used 
are  typical  ly  placed  directly  on  the  ceramic  surface  with  tlieir 
ends  overlapping  the  conductor  pads.  It  is  preferred  that  t lu‘ 
resistors  he  printed  and  I i red  last,  because  subse(|uent  I'ii'ing 
cycles  vvould  effect  the  resistor  values.  If  they  cannot  he  fired 
last,  then  that  ellect  should  have  alrca(.l\'  been  coiipiensated  in 
the  resistor  design. 

Thick  film  substrates  can  be  fabricated  as  multiple,  step-and- 
repeatetl  images  on  a large  ceramic  as  described  for  thin  film. 

In  that  case  a scribe  and  break  process  step  would  be  performed 
to  separate  the  individual  substrates. 

Many  tliick  film  pastes  are  described  by  their  ma  nu  fac  t ure  i'  as 
being  capable  of  being  co- fired.  This  means,  for  example,  that 
the  doulile  screen  for  the  dielectric  layers  couid  be  fired 
togetl\er  instead  of  two  separate  firing  steps.  In  higli  volume 
production  any  such  co-firing  can  be  significant,  but  foi' 
smaller  c|uantities  many  substrate  manufacturing  groups  prefer 
to  "play  it  safe"  and  fire  each  screened  paste  separate  1\'. 

Since  the  furnace  is  never  turned  off,  and  the  furnace  belt  i 
constantly  moving,  the  time  required  to  load  and  unload  is  the 
only  operator  time  involved. 
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Til  i s section  desci'ihes  assemlils'  processes  pe  r To  niied  al'ter  suhstrate 
t'a  li  r i ca  t i on  . Where  dirferences  exist  due  to  tliick  or  tliin  film 
they  will  he  pointed  out  in  tlie  text.  Tii;ure  (> . o 1 slious  a 
t\nical  secjuence  of  as.semhl)-  stejis  foi'  a Iiivth  reliability  In'hrid. 

Tlie  sequence  shown  tor  attachment  and  installation  pi’ocesses  may 
be  reversed  depeml  i ny  on  the  temperatures  involved.  T.ach  subsetuicnt 
process  should  be  at  a temperature  lower  than  previous  ones  in 
order  not  to  adverselv  affect  prior  attachment  materials.  This 
consecutive  loweriiyu  of  temperatures  is  refei'red  to  as  "tempera 
tore  steppinj^."  To  avoid  dust  and  otlier  contain  i nan  t s,  a 1 1 ;issembl\- 
processes  should  be  performed  in  a clean-room  en\' i fonment  , and 
laminar  flow  clean  benches  are  often  used  inside  the  clean  room. 

Di  c;_j\t  tach  fe  utect  i c ) . The  eutectic  attacliment  process  is  per- 
formed  primarily  on  silicon  semiconductor  and  resistor  chips  (or 
dice)  to  attach  them  direct  Iv  to  the  substrate  mount  in;’  pads  with 
out  usiiyu  additional  bonding  material,  and  to  obtain  ;tood  contact 
for  thermal  transfer  from  the  die  to  the  substi'ate. 

The  eu  t ec  t i c - a 1 1 acti  etiuipment  provides  a trav  on  which  the  dice 
are  placed  and  a holding  platform  for  the  substrate.  The  trav  ,ind 
platform  are  on  a frame  tiiat  can  rotate  similar  to  a c.irousel. 

I'his  frame  can  be  rotated  back  and  forth  bv  the  operator  to  bring 
first  the  tray,  then  the  platform,  under  the  installation  tool. 

The  tip  of  the  installation  tool  is  common Iv  called  either  a "uuill" 
or  "capillary."  The  size  of  the  c.apillary  must  be  onlv  sli;'.htl\' 
l.'irger  th.in  the  die  it  will  pick  un  . Various  sire  ca  ji  i 1 1 a r i I's 
can  be  mounted  simultaneously  to  the  tool.  The  tool  can  be 
rot.ited  to  bring  the  appropriate  size  caiiillar\-  into  the  workiii'’, 
oos i t i on . 
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‘ lloniponeiit  Attach  and  Substrate  Installation  are  often 
done  in  reverse  secjuence. 

Th  i process  is  required  onlv  for  nackaites  having  lead  frames, 
ligure  P..3-1  TVl’lCAl.  Sl'.QllliNCl  Of  ASSl-MBl.Y  PRCH'lSSfS 
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Witt)  tlu'  t I ;i  y uiulc'r  tlio  capillarv,  and  with  tlie  app  I’op  i' i at  e ti  i e 
in  t'lo  propor  or  i c'n  t a t i on , the  operator  actuates  a switcii  wliieii 
causes  the  too]  to  lower  and  pick  up  the  die  hy  suction.  IVluai 
tlie  die  has  been  raised  from  the  tray,  the  operator  rotatc's  t lie 
frame  and  the  platform  holding  the  substrate  comes  under  the 
capillary.  Then  when  the  substrate  is  in  pronc'r  orientation  and 
position,  the  operator  actuates  a switcli  which  causes  the  capillar\ 
to  lower  the  die  down  to  the  substrate  mounting  jiad.  The  tool 
then  mov'es  back  and  forth  approximately  5 mils  (0.127  mm)  for 
several  cycles;  ” sc  riibb  i ng"  the  bottom  of  the  die  on  tlic  mounting 
pad.  The  suction  is  then  released  and  the  tool  lifts,  leaving 
the  die  attached  to  the  mounting  pad. 

The  temperature  of  the  capillary  is  approximately  loo‘\l  and  t lie 
substrate  temperature  is  approximately  llu'se  t empe  ra  t u r e 

along  with  the  friction  caused  by  the  scrulibing  create  a 
temperature  of  370^’c  at  the  interface  between  the  uie  and 
mounting  pad.  This  is  the  eutectic  temperature  of  gold/silicon 
and  an  alloying  takes  place  between  the  silicon  and  gold.  The 
die  is  usually  purchased  with  gold  on  its  back  side'.  This  ".old 
backing  facilitates  the  eutectic  attach  pnicess  because  some 
of  the  gold  is  diffused  into  the  silicon,  therebv  giving  the 
process  a "head  start." 

butectic  attachment  is  easier  on  thin  film  gold  than  on  the  mixed 
gold  and  glass  of  thick  film  materials. 

Criteria  for  eutectic  attachment  are  control  of  the  tool  and 
substrate  temperatures,  correct  location  and  orientation  of  each 
ilic,  and  proper  size  relationship  between  capillarv  and  die. 
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1st V i sun  1 I aspect i on . An  inspection  is  needed  after  eutectic 

attachment  because  if  rev'-ork  is  required  the  rework  will  be  per- 
formed at  the  eutectic  temperature.  This  high  temperature  cannot 
be  applied  after  other  lower  temperature  processes  have  been  done. 
This  inspection  looks  for  proper  eutectic  melting  of  the  materials; 
indicated  by  "wetting"  around  the  die, 

A eutectically  attached  die  is  usually  removed  by  twisting  it  oil 
its  mounting  pad.  When  twisted,  the  die  often  breaks  leaving 
portions  attached  to  the  substrate.  These  portions  can  be  chipped 
away  to  make  the  mounting  pad  reusable. 

If  the  mounting  pad  is  unusable  after  removing  the  original  die, 
then  the  new  die  can  be  eutectically  attached  to  a mol)'-tab  and 
the  moly-tab  epoxied  to  the  mounting  pad.  The  epoxy,  of  course, 
can  only  he  used  if  the  speci  Ticat  ions  permit.  I'he  moly-tab  is 
used  because  it  spreads  the  heat  from  the  die.  This  heat  sjircad- 
ing  compensates  for  some  of  the  low  heat  transfer  property  ol  the 
epoxy . 


Component  Attach.  Conductive  or  nonconduc t i ve  epoxy  for  component 
attachment  is  usually  applied  only  to  tlie  substrate.  However  when 
a large  amount  is  needed  for  heavy  components  (such  as  toroiils) 
an  additional  amount  can  be  applied  to  the  component  also. 

The  epoxy  can  be  manually  applied  to  the  mounting  pads  or  epow 
dispensing  machines  can  be  used.  Dispensing  machines  tvpicall'.  use 
pneumatic  [pressure  to  bring  epoxy  from  a reservoir  through  a needle 
to  the  substrate  surface.  The  amount  dispensed  in  one  cycle  can 
be  .adjusted.  T.poxy  can  also  be  screen  printeil  on  the  substr.it  e 
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usiii^  the  same  type  of  screens  and  printers  used  for  tliick  rilm 
substrate  fabrication.  This  technicpie  applies  a thin  uniform 
pattern  of  epoxy. 

Epoxy  is  typicaLly  applied  to  all  the  appropriate  mountin;y  jiads, 
then  the  components  are  placed  on  top  of  the  eiioxv.  The  epoxy 
is  then  either  oven  cured  or  cured  in  air  depending  on  tlie  t \ po 
of  epoxy  used. 

The  important  criteria  for  ejioxy  attachment  is  control 
of  the  amount  of  epoxy  and  the  proper  time  and  temperature 
for  oven  curing.  Since  during  the  oven  curing  the  viscosity 
usually  becomes  low,  excessive  amounts  of  epoxy  or  an  excess  of 
time  at  low  viscosity  can  cause  the  epoxy  to  spread  beyond  the 
mount i ng  pads . 

Solder  makes  an  i nt  ermet  a 1 1 i c bond  with  tlie  metal  of  lioth  tlie 
component  terminals  and  the  substrate  mounting  pads.  lor  this 
reason  the  solder  tends  to  remain  on  the  mounting  [uul.  Ilowevei', 
excessive  amounts  will  spread  beyond  the  pads. 

Solder  can  be  obtained  in  shapes  cut  from  thin  sheets.  These 
"preforms"  can  be  laid  on  the  substrate  pads  and  the  components 
placed  over  them. 

Another  way  of  applying  the  solder  is  to  "pre-tin"  the  metal  parts, 
rhis  consists  of  dipping  the  substrate  or  component  into  molten 
solder.  Many  components  can  be  ]nirchased  with  so  1 de r - coa t ed 
t e r III  i n a 1 s . 

Solder  paste  can  also  be  ap|ilied  to  the  mounting,  |i;ids.  The  luiste 
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can  1)0  manually  applied,  dispensed  hy  a maeiiine,  on  screen  piinteil. 

Aftei’  the  solder  and  components  are  in  position,  the  entire 
substrate  is  then  raised  to  the  solder  melting  temperatLire  and 
\\lien  the  solder  melts  it  bonds  to  both  the  com[)oneiit  and  the  sub- 
s t ra  t e met  a 1 . 

One  iiotential  prol)lem  is  tliat  when  the  solder  melts,  tlie  components 
sometimes  float  on  tl>e  molten  solder  and  tliereby  cliange  their 
I>ositions.  A holding  fixture  can  be  used  to  prevent  t )i  i s move- 
ment. Sucli  a fixture  can  be  any  nonso  1 derab  1 e slieet  material 
having  holes  tlie  shape  of  the  components.  Such  a stencil  fixture, 
when  clamped  to  the  substrate,  prevents  component  movement. 

Oxides  on  the  metal  surfaces  or  on  tlie  surftice  of  the  solder  inliibit 
the  solder  from  "wetting.”  Fluxes  can  he  used,  but  attention  must 
be  paid  to  using  fluxes  with  minimal  corrosivity  and  to  complete 
removal  of  any  residuals.  Another  method  used  is  to  raise  the  temp- 
erature while  the  substrate  is  in  a reducing  atmosphere  which  cliem- 
ically  breaks  down  the  oxide.  Forming  gas  or  hvdrogen  can  provide 
such  an  atmosphere. 

Hydrogen  flame  eciuipment  can  he  used  in  the  so  1 de  r - a 1 1 ach  |i  recess, 
belt  soldering  ccpiipment  is  also  available  which  carries  the  sub 
strates  on  a belt  througli  a chamber  of  reducing  atmosphere  ami 
while  in  the  chamber,  raises  them  to  the  melting  temperature  of 

the  solder.  The  thick  film  firing  fui'iiace  using  a I'eilucing 
atmosphere  can  also  lie  used  for  this  purpose. 

Criteria  lor  so  1 de  r - a 1 1 ach  are  correct  component  jilacement  and 
orientation,  and  proper  wetting  of  the  solder.  High  reliahiliti 
specifications  usually  dictate  that  there  be  a fillet  of  solder 
or  epoxy  around  at  least  three-c|uarters  of  the  pei  iiHiery  of  each 
component  or  component  terminal. 
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Beam  - 1 e;idctl  chips  recpnre  unicpie  attaclnnent  t cclin  i c|ue  s . Tlie  chi]) 
is  the  usual  semiconductor  chij)  except  that  the  metal  pattern  on 
top  is  j’.old,  and  the  terminals,  instead  of  being  flat  on  the 
surface,  have  integral  gold  ribbon  leads  that  extend,  like  be.ams, 
over  the  edge  of  the  chip.  These  beam-leads  are  usually  0.5  mils 
(0.0127  mm)  thick,  .3  mils  ( 0.075  mm)  to  5 mils  (0.127  mm)  Kielc  and 
extend  5 to  8 mils  (0.13  to  0.2  mm)  beyond  the  edges  of  the  cliip. 

The  chip  is  intended  to  be  mounted  face  dovm  by  i'C  lionding  its 
beam  leads  on  the  substrate  mounting  pads.  A wobble  bonder  is 
typically  used  for  the  attachment  process.  The  procedure  is  as 
f o 1 lows: 

The  chip  is  placed  face  down  on  a tray.  In  the  tip  of  the  bond- 
ing tool  is  a cavity  the  shape  of  the  chip  but  slightly  larger. 

The  tool  is  lowered  over  the  chip  so  that  the  body  of  the  chip  is 
nested  into  the  tool  cavity.  The  beams  do  not  go  inside  the 
cavity,  but  extend  beyond  the  cavity  across  the  bottom  face  of 
the  tool  tip.  The  tool  picks  up  the  chip  by  exerting  suction 
through  a hole  down  the  center  of  the  tool. 

The  substrate  is  then  brought  under  the  tool  and  positioned  so 
that  the  chip  beams  are  aligned  to  the  mounting  pads  on  the 
substrate.  The  tool  lowers  until  the  beams  arc  contacting  the 
substrate . 

The  tool  then  exerts  a downward  force, pressing  the  beams  on 
the  substrate.  The  tool  then  tilts  to  approximately  1*^  from 
vertical  so  that  the  downward  force  is  applied  by  only  one 
side  of  the  tool.  The  force  is  now  exerted  only  on  the  beams 
along  one  edge  of  the  chip.  The  tilt  is  then  rotated  to  the 
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tif.vt  set  oi  beams  along  the  adjacent  edge  o!  the  chip.  This 
rotating  tilt  proceeds  to  all  four  edges  of  the  chip  exerting 
a force  on  only  one  set  of  beams  at  one  time.  Since  the  tilt 
rotates  in  a continuous  motion  the  outer  edge  of  the  tool  actually 
rolls  across  each  beam  individually.  It  is  this  wobble  motion 
of  the  rotating  tilt  which  gives  the  bonder  its  name.  The  wobble 
cycle  usually  is  repeated  several  times  around  the  chip. 

The  tool  tip  is  typically  at  a temperature  within  the  range  from 
320  to  4 50°C . The  substrate  is  maintained  at  a temperature  within 

the  range  from  280  to  350°C.  The  downward  force  of  the  bonder 
should  be  within  the  range  from  20  to  100  grams  per  beam. 

Excessive  force  can  break  the  beams  or  the  connections  of  the 
beams  to  the  chip. 

Beam  lead  TC  bonding  is  more  effective  on  thin  film  than  on  thick 
t i Im  substrates  because  of  the  higher  purity  of  the  thin  film  gold. 
Multilayer  thick  films  give  less  reliable  bonds  than  do  single 
layers.  But  there  is  evidence  that  by  abrasively  cleaning  the 
thick  film  mounting  pads  prior  to  bonding,  much  stronger  bonds 
can  be  produced  on  either  single  or  multilayer  thick  film  suli- 
strates . 

The  criteria  for  beam  lead  bonding  are  proper  temperatures  for 
the  tool  and  substrate  and  adequate  but  not  excessive  force  on 
the  beams. 
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Siihs  t la  Lc'  1 iis  ta  1 ki  t i on  . Exi'ludins;  eutectic  attacliment,  the  instal 
lation  of  the  substrate  iu  the  package  can  lie  done  hel'ore  or  alter 
couiponents  are  attached.  Tlie  sequence  is  usually  de|iendent  on  the 
temperatures  involved.  However,  the  sequence  is  sometimes  inlluenced 


hv  a decision  to  jierform  certain  electrical  tests  before  commit  ing 
the  substrate  to  the  package. 
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It  electrical  tests  are  to  be  performed  prior  to  installation, 
then  wire  bonding  of  components  only  must  also  precede  instal- 
lation. Wire  bonding  from  substrate  to  package  leads  would  be 
done  after  installation. 


Epoxy  can  be  manually  applied  or  dispensed  onto  the  surface  of 
the  package  base.  Solder  can  be  applied  as  a jiaste  or  in  pre- 
formed shapes.  In  order  to  solder  the  substrate  in  place  the 
bottom  side  of  the  substrate  must  be  metallized. 

If  the  package  has  side  walls,  there  is  little  or  no  concern  about 
epoxy  or  solder  spreading,  but  when  platform  packages  are  used 
(which  have  no  walls)  care  must  be  exercised  to  prevent  the 
solder  or  epoxy  from  spreading  into  the  cover  mounting  areas  around 
the  edges  of  the  package. 

Avoiding  air  pockets  between  the  substrate  and  the  package  is 
important;  particularly  when  good  heat  transfer  is  nccessar\-  from 
the  substrate  to  the  package. 

.Another  methodfnot  widely  used)  for  substrate  installation  and 
component  attachment  is  to  attach  using  thin  teflon  preforms. 

By  a specialized  process,  the  teflon  is  caused  to  act  as  an 
adhesive.  Although  teflon  is  not  an  electrical  conductor  and  does 
not  have  good  thermal  conductivity  properties,  it  does  permit  an 
indefinite  number  of  reworks  and  does  not  have  the  long-term 
harmful  effects  that  other  organics  have  on  semiconductors. 

C 1 can  ing . The  important  criteria  for  any  cleaning  process  after 
soldering  is  that  the  solder  flux  must  be  thoroughiv  removed. 
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Wire  Bonding.  Three  methods  are  eommonlv  used  to  install  intei 
connecting  wires  within  a hybrid.  The  two  most  common  methods 
are  thermo-compression  bonding  (called  "TC"  bonding)  and  ultra 
sonic  bonding  (often  called  "stitch  bonding").  The  third  is  to 
solder  wires  by  the  usual  assembly  techniques  of  aj)])lying  heat 
and  f lux  . 

TC  bonding  installs  each  end  of  an  uninsulated  gold  wire  by 
applying  heat  and  pressure.  Ultrasonic  bonding  installs  either 
an  aluminum  (most  common)  or  gold  wire  by  scrubbing  the  wire  ends 
into  place  at  an  ultrasonic  frecjucncy.  Tor  ultrasonic  bonding 
of  gold  some  heat  is  usually  applied  but  not  as  much  as  for  fC 
bond i ng . 

Hither  TC  or  st  i t ch  - bond  ing  can  be  performed  on  both  the  ;i  1 urn  i num 
terminals  of  a semiconductor  chip  and  the  gold  of  the  sidistrate  and 
package.  However,  TC  bonds  on  thick  film  gold  are  not  as  effec 
tive  because  of  the  glass  mixed  in  the  thick  film  material. 
Ultrasonic  gold  bonding  on  thick  film  is  quite  sa t i s f ac t o r y . 

The  most  commonly  used  wire  diameter  is  1 mil  (O.OZ.S  mm),  but 
larger  diameters  up  to  10  mils  (0.254  mm)  can  be  accommodated 
with  the  proper  size  tool.  Smaller  wire  (0.7  mil,  0.0178  mm) 
is  being  used  more  frequently  for  very  small  dice. 

The  fC  bonder  has  a pedestal  to  hold  the  substrate  and  the  bonding 
tool  has  a cone  shaped  tip  that  points  toward  this  jiedestal.  The 
flat  bottom  of  the  cone  tip  is  approximately  7 mils  (0.178  mm) 
diameter  for  1 mil  (0.0127  mm)  wire.  The  gold  wiie  is  fed,  from 
a spool,  down  through  a hole  in  the  center  of  the  bonding  t iji. 
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Dsini’,  a liydrogcn  llamc,  or  electronic  arc  flame- oil',  the  end  o I' 
the  yold  wire  protrudint’  from  the  tool  is  melted  to  form  a l>a  1 1 
that  is  2 to  5 times  the  diameter  of  the  wire.  I'he  operator 
manipulates  the  pedestal  location  throutth  the  mot  ion- redact  ion 
linkaj^c  (reduction  ratio  approx  ima  tel  v h to  1).  I’.'hen  the  substrate 
is  in  the  correct  position,  tlie  bonding  t ij)  is  lowered  until  the 
gold  ball  is  contacting  the  appropriate  pad.  The  tool  then 
exerts  a predetermined  force  on  the  gold  ball  ( (>()  grams  for  1 
mil  wire).  This  force,  along  with  the  heat  from  the  tip 
(approximately  bonds  tlie  ball  to  the  surface  it  is  touch- 


rhe  tool  then  lifts;  but  since  the  end  of  the  wire  is  now  bonded 
to  the  surface  below,  the  wire  is,  in  effect,  drawn  down  through 
the  tip  of  the  tool.  Further  manipulation  of  the  pedestal  relo 
cates  the  substrate  to  place  the  next  bond  pad  under  the  tool. 

The  tool  lowers  and  repeats  the  bond  cycle.  Again  the  wire  is 
drawn  through  the  tool  as  the  tool  lifts.  At  this  point  in  the 
process  the  flame  is  brought  to  the  wire,  slightlv'  below  the 
tip  of  the  tool.  The  flame  cuts  the  wire,  and  creates  another 
ball  on  the  end.  The  tool  is  now  ready  to  begin  another  bonding 
cycle.  Using  a pair  of  tweezers,  the  operator  pulls  off  the 
excess  wire  that  remains  attached  to  the  bond  pad  after  the  flame 
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Alsc  available  is  an  automatie  "tail  puller."  Operating  in  this 
mode,  a elamninjj  mechanism  closes  on  the  wire  after  the  second 
bond  has  been  made.  As  the  tool  rises  the  fact  that  the  wire  is 
clamped  causes  the  wire  to  break  at  the  edpe  of  the  bond;  leav  ini’ 
no  excess  "tail"  on  the  substrate.  As  the  tool  rises  the  flame 
(or  arc)  is  actuated  and  a new  ball  is  formed  on  the  end  of  the 
wire.  The  clamp  then  releases  the  wire  allowini;  it  to  be  drawn 
into  the  capillary  until  the  newly  formed  ball  stops  against  the 
bottom  side  of  the  capillary.  The  bonder  is  then  read',’  to  betiin 
the  next  bonding  cvcle. 

Criteria  for  TC  bonding  are  correct  location  of  each  bond,  clean 
bonding  pads,  and  proper  force  and  temperature  of  the  bonding  tool. 

Fquipment  tor  u 1 1 ra son i ca 1 1 y bonding  gold  wire  is  similar  in 
appearance  to  the  TC  border.  The  gold  wire  is  fed  through  a hole 
in  the  cone-shaped  tip.  A hydrogen  flame  or  electronic  flame-off 
creates  a ball  on  the  wire  end,  and  manipulation  of  either  the 
substrate  pedestal  or  the  tool  is  through  a motion  reduction 
linkage.  The  differences  are  as  follows: 

The  substrate  temperature  is  within  the  range  from  25  to  2()('^\',  the 
tool  from  25  - 250^C.  When  the  gold  ball  is  pressed  on  the  first 
bonding  pad,  ultrasonic  vibration  of  the  tool  tip  scrubs  the  ball 
on  the  pad.  The  second  bond  is  made  the  same  way,  but  when  the 
second  bond  has  been  completed  the  tool  breaks  the  wire  at  the  edge 
of  the  bond  so  that  there  is  a small  protrusion  of  wire  out  of  the 
tool  tip,  and  no  excess  wire  on  the  bond  pad.  The  tool  raises  and 
the  flame  creates  a ball  on  the  end  of  the  protruding  wire.  fhe 
tool  is  then  ready  to  begin  the  next  bonding  cycle. 


b - 5 2 


ti.5  (Coat.)  ASSI;MBI,Y  PROCIiSStiS 


llitrasonic  aluminum  bonders  hav^c  a sulistratc  lioldinii  pedestal, 
but  no  heat  is  applied  to  either  the  substrate  or  the  tool.  The 
aluminum  wire  has  no  ball  on  the  end;  and  is  fed  from  a s])ooi  to 
the  bottom  face  of  the  tool  tip  as  shown  in  the  following  sketch 
Between  the  spool  and  tip  arc  wire  clamps  that  control  the 
wire  movement  after  the  second  bond. 


When  the  tool  is  lowered  to  the  bonding  patl  a downward  force  of 
2S  grams  is  e.xerted  which  triggers  the  ultrasonic  g.eneratoi'.  fh 
vibration  is  transmitted  to  the  tool  ti]i  throug.h  a transducer 
arm.  This  ultrasonic  vibration  scrubs  the  aluminum  wire  on  the 
mounting  pad.  The  bond  is  marie  b)’  the  ilowiiwaTil  pressurt'  and  the 
heat  generated  bv  friction. 
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Bov  ,r  -c-  u'  iiorulir:;-,  f icc  of  tfio  tool  has  onl\-  a half-round  r.roovo 
to  partially  guide  the  wire,  the  movement  of  tlie  tool  lietween  the 
tirst  and  second  bonds  must  be  in  a relatively  straight  line  in 
a direction  to  cause  the  wire  to  slide  straight  through  tlie  groove. 
(Side  movement  of  the  tool  would  cause  the  wii'e  to  slip  out  of 
the  groove.) 

Alter  the  second  bond  is  made,  the  heel  of  tlie  tiiiknicks  the  wire 
in  order  to  weaken  it  Just  behind  the  bond.  K i t li  the  clainjis  hold 
ing  the  wire,  the  tool  moves  uji;  thereb\’  bi'eaking,  the  wire  at  the 
knick.  The  clamps  then  open,  move  Itack  a predet  enii  i ned  distance, 
close  on  the  wire,  then  move  foi’ward  pushing,  the  wire  forw.ird 
to  protrude  past  the  toe  of  the  tip  a distance  of  1 to  .1  times 
the  wire  diameter.  i'he  tool  is  then  ready  to  begin  the  next  liond 
cycle. 

Because  of  the  scrubbing  action,  ultrasonic  bonding  can  usuallv 
break  through  contamination  on  the  surface  of  the  bond  pad. 

Glass  on  the  surrace  of  thick  film  jiads  can  also  lu'  broken  throug.h. 

Criteria  for  ultrasonic  bonding  are  jironer  setting,  of  the 
pressure  and  power  cmtrols  for  each  of  the  two  bonds,  and  correct 
location  of  each  bond. 


n - B 1 


I 


((’ont.l  ASSI:MBI.Y  PROCHSSI'S 

In  spite  ol'  the  fact  that  the  homl  i m>,  jnuls  on  many  sem  ieoiuhu' i or 
chips  are  small  a second  hond  ean  sometimes  be  made  next  t tin.' 
first  bond.  Altliough  it  is  ph)'sicall\-  possible  to  bond  a second 
wire  directly  on  top  of  the  first  bond,  a second  boiul  flat  on 
the  terminal  pad  is  the  only  rcbondiny  acceptable  to  hipb 
reliability  spec  i f ictit  ions  . Tberefore  when  the  acceptable  sec(uul 
bond  method  cannot  be  used  to  rework  an  incorrect  wire,  t he 
entire  chip  must  be  removed. 

Replacing  a cutcctically  att.ached  chip  after  other  components  have 
been  installed  is  a particular  problem.  Because  tbe  eutectic 
temperature  is  too  high  for  the  solder  or  ejToxies  used  for  other 
components,  a new  die  cannot  be  eutectically  attached  to  replace 
the  old  one.  The  new  die  can  be  "mo  1 y- tabbed"  and  replaced  with 
solder  or  epoxy  as  previously  described  for  reworking  eutectic 
at  tachments . 

blioxy  or  so  1 der  - a 1 1 ached  components  can  be  removoil  b\'  aiiplviny. 
heat  to  the  area  of  that  component  only,  thus  softening,  the  bond 
of  that  component  while  avoitling  heating  the  bonds  of  other 
components.  Replacement  with  another  component  is  accomplished 
by  localized  heating  or  by  epoxy  - at  t ac  hmen  t with  air  curing,  epox\ 
at  room  temperature. 

One  problem  encountered  when  replacing  a previouslv  solder  attached 
component  is  that  a large  percentage  of  the  (’.old  in  tbe  mounting 
pa'.l  has  been  absorbed  (called  "leached")  into  the  lemoveil  soLUm. 
There  is  sometimes  insufficient  gold  remaining  to  pi'i'form  a second 
so  1 der-a t tach . In  such  a case  epoxy  must  be  substituted. 


(i  - fit) 


lliuti  re  1 i all  i 1 i t y specifications  often  dictate  the  maximum  peicen- 
tage  of  wires  allowed  to  be  reworked  (!()"<,  is  tlie  usual  maximum). 
Only  15  percent  of  the  components  may  lie  replaced.  (Rewiring 
due  to  component  replacement  does  not,  count  toward  wire  bond 
lework.)  All  rework  (for  wliatcver  reason)  must  be  accomplished 
by  a maximum  of  two  rework  cycles. 

If  the  density  of  the  components  and  wiring  is  such  that  one 
component  and  its  wires  cannot  be  removed  witbout  the  risk  of 
damage  to  other  wiring,  then  a visual  inspection  should  be  [um‘- 
formed  before  wire  bonding,  and  any  necessary  rework  of  dice 
performed  at  that  time. 


Package  head  Se]uiration.  I'he  most  common  t\(ie  of  Inbi  id  package 
is  a flat  package  having  side  walls.  flat  ribbon  leads  pass 
through  the  walls  and  are  sealed  to  them.  (I'his  package  is 
si)met  imes  c.illed  a "butterfly  package.")  The  leails  are 
fabricated  from  one  piece  of  thin  metal  (tyjncallv  kovar)  and 
the  ends  of  the  I ends, ou t s i de  the  package,  are  left  joined 
together  bv  a bar  of  the  original  metal.  (The  leads  jilus  the 
connecting  bar  are  called  the  "lead  frame.")  When  the  packag.e 
was  being  fabricated,  the  connecting  bar  made  it  )iossible  to 
electroplate  the  lead  frame  as  well  to  handle  all  the  leads  as 
a single  unit,  and  l.itei'  the  bar  helps  prevent  bending  of  I lu' 

I cad  s . 
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1 li  i s procos',  stoj'  tilt'-  oil'  t lio  i^onnoct  inp,  hai'  in  ofdc'r  I lui  t 

0 1 oo  I r u a 1 tests  oan  l■'0  ])erronned.  Since  tlie  final  lcn)’,tli  ol 
the  lead',  i ■>  t\’picall>'  repuii'etl  to  be  shortci'  than  the  as- 
puia.  ha  ed  leip^th,  part  of  the  leatls  arc  cut  otf  with  the  hai'. 

I'll  i s |u-H'ess  stofi  usually  incliules  substituting  tape  lor  the 
metal  bar  in  ordei'  to  continue  to  support  the  individual  leads. 

flic  criterion  for  the  lead  separation  jiroccss  is  tluu  the  1 i na  1 
lenyth  of  the  leads  be  per  specification. 

1 S t _b 1 ec  1 1'  i cyij_^re  s_t 

I-'or  highlv  reliable  In’brids  it  is  common  to  test  lor  all  nar.imeters 
• it  room  temjicrature  and  at  the  high  and  low  temperatures  ol  the 
specifications.  I - 1 0 to  +100''\:  are  common  requirements.) 

If  dvnamic  resistor  trimming  is  nccessarv  it  is  at  this  time 
that  it  is  usual  Iv  iicrformed.  Care  must  be  exercised  in  pl.icing 
the  trimming  probes  inside  the  Indirid,  bec.ause  tlie  small  uninsu 
lated  wires  and  the  unprotected  components  can  be  easily  d.imaged. 
After  ti'imming,  a cleaning  process  is  usual  1\-  performei-l  to  remove 
an\"  residue  that  might  be  present  due  to  the  trimming  opeiait  ion. 

It  is  important  that  the  electrical  integrit\'  ol  the  h\'brid  be 
ascertained  before  sealing  the  cover. 

Parts  that  fail  the  first  electrical  test  can  be  reworked  to 
remov'o  and  I’cplace  defective  components. 
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^ij-1  V csiKi  1 1 n sjK’c  t i on  ■ Thi;-  inspection  checks  f o i cleanliness 

and  measures  tlie  packaj^e  lead  lengths.  It  also  looks  tor  any 
damage  that  might  have  been  done  during  the  electrical  tests. 

C(ner  .Marking.  I'he  cover  is  usually  mar'ked  ]irior  to  being  sealetl 
on  tlic  package  because  lesss  care  is  needed  in  ha/idling  the  ccu’er 
individually  conijiared  to  handling  the  package  with  its  protrud- 
ing loads. 

The  marking  material  is  commonly  epoxy  ink  cap;ible  ok  withstand- 
ing temperature  extremes,  solvents,  human  handling,  and  salt 
spray.  The  number  of  characters  is  sometimes  limited  by  the 
size  of  the  cover,  iuit  the  desirable  markings  are  part  number, 
serial  number,  lot  code,  and  some  kind  of  package  orientation 
mark  (most  commonly  this  is  a dot  located  to  identify  pin  numbei' 

1 ) . 

T.  ' process  can  be  performed  by  any  method  or  with  an\-  eciuipment 
that  provides  clearly  legible  characters  and  ajiplies  a sul'ficient 
amount  of  ink.  Screen  printing  is  often  used  for  the  ch.i  rac  t 
being  repeated  on  each  cover,  and  a sequential  rubber  stamp  for 
the  serial  numbers. 

Cove r Sea  1 . Unless  the  subseupient  temperatui'e  stresses  can  be 
imposed  within  an  inert  atmosphere,  then  the  co\er  should  be  sealed 
before  environmental  Screening  and  Burn-In.  I'hose  tests  are 
harmful  to  many  unpi'otected  components  i I'  performed  in  air. 


(1  - ,S  b 


1 ■> 


i'll..  ' i.i  1 . I . ■ .1 .1. 1. ' - • i. .'1 

rlu'  tlirc'c  common  methods  ol  ,i  t t ;k' lii  m>  the  eo\er  to  the  n;iek;i>’e 
are  epoxy  hoiulinp, , soldei’iny, , or  weldinp. 


l;[)Ox\'  can  he  applied  in  liciuid  form  or  as  a jMcturc  frame  shaped 
pi'elonii.  The  iirel'onn  ean  lie  placetl  betueen  the  two  surfaees  to 
be  Joined  then  cured  at  the  a]ipi-opr  i ate  temperature.  biopiid  epox> 
can  be  appl  i eel  to  the  border  o 1'  a flat  cov'er  b\'  screen  jirint  inr,. 


When  the  cover  is  soldered  to  the  package  no  flux  can  be  toleiated 
bec.ause  flux,  trajiped  inside  the  hybrid  is  very  harmful  to  the 
comiionen  t s . fherefore,  since  flux  cannot  be  used,  the  process 
must  be  performed  in  an  inert  or  retlucing  atmosphei'e. 


Package  sealing  equipment  is  available  to  perform  citlier  solder 
or  ue  1 d - sea  1 i ng  within  a controlled  atmosphei'e.  The  seam  we  1 d i ng, 
mechanisms  are  housed  inside  a sealed  chamber  into  which  the 
a pp  I'opr  i a t ('  atmosiihere  is  jiiped.  A viewing,  window  is  providei.1, 
arul  sealed  into  the  wall  are  rubber  gjoves  that  can  be  usc'd  to 
reacli  inside  without  d i s tu  r li  i ng  the  seal.  The  chambei'  also  ha'< 
a double-door  air  lock  compartment  through  wiiich  all  parts  must 
pass  in  order  to  enter  or  leave  the  chamber.  I'his  compartment 
is  purged  eacli  time  the  outer  do  ir  is  opened. 

I'he  procedure  for  sealing,  w i Mi  this  equipment  is  as  follows: 

The  package  and  cover  are  placed  on  the  pedest;il  provided.  I'lie 
pc'destal  then  moves  fowanl,  causing  the  cover  to  make  contact 
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;i  it  [Kisses  under  the  1 we  v.eldiiv’,  electrodes,  llu'  electrode'- 
vieate  a cent  i nuous  Ki'ld  hetvv'et'ii  the  eov'er  and  paekaj’.e  alon;;  two 
('[iposite  si  lies.  Tlic  tiedestal  t rate  Is  hcvitiul  tlie  elc'ctrodes  and 
when  it  readies  tlie  end  of  its  travel,  automatically  turns  d(l'' 
then  travels  back  again.  On  the  rctui'n  cycle  the  electrodes  weld 
t'le  othei  two  sides  of  the  cover. 

The  distance  between  electrodes  can  lie  adjusted  separatele  for 
each  ot  the  forward  and  reverse  weliliiig  cycles.  This  accoinmodat  e.s 
any  rccUin^uUu'  sliajictl  package.  Round  [lackages  can  be  accomiiimla  t ed 
by  another  fi.xture,  the  pcdesttil  of  which  revolves  about  its  own 
center,  thereby  causing  the  electrodes  to  pass  along  the  circum- 
terence  ol  the  round  package.  Kitli  the  power  turned  low  and  b\' 
placing  a solder  preform  between  cover  and  package,  the  jirocess 
becomes  a solder- sea  1 i ng  operation  instead  of  we  1 d - sea  1 ing . 

80-20  gold-tin  preforms  arc  commonly  used  for  such  soldering. 

1st  dross  Teak  Test.  The  leak  test  immediateli'  followine,  the 
sealing  ojication  is  to  detect  any  large  leaks  that  cannot  be 
tolerated  in  the  subsciiuent  temperature  tests.  Other  leak  tests 
will  be  [icrformcd  after  environmental  stresses  because  those 
stresses  might  cause  leaks.  In  one  method  of  gross-leak  testing 
the  sealed  packages  are  [ilaccd  in  a pressure  vessel  which  i 
then  evacuated  to  a low  pressure  for  a hall'  hour.  Then  without 
breaking  the  vacuum,  fluorocarbon  fluid  is  let  into  tiie  vessel 
so  that  the  parts  are  submerged.  Tiien  the  vacuum  is  chang.ed  t(' 
a {ires sure  of  30  psig  minimum. 

This  [iressure  is  intended  to  force  the  fluorocarbon  throiu’.h  an\ 
leaks  in  the  [lackage  seal.  i'he  jiressure  is  maintained  for  twi'  houis. 
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riu'  packaj^c  is  then  removed  from  the  pressure  container  aiul  suh 
merped  into  anotiier  liuuid  fluorocarbon  at  with  ambient 

pressure.  Because  the  boiling  temperature  of  the  first  liquiti  is 
any  liquid  inside  the  package  will  begin  to  boil  when  placed 
in  the  second  liquid.  The  boiling  licjuid  creates  pressure  inside 
the  package  and  tlie  iiressure  forces  liquid  and  gas  out  through 
leaks  in  the  seal.  These  escaping  fluids  form  bubbles  that 
indicate  the  presence  of  the  leak. 

Another  method  of  gross  leak  testing  subjects  the  parts  to  a 
vacuum  then  a liquid  dye  is  introduced  into  the  chamber.  Pres- 
sure is  then  applied  to  force  the  dye  into  any  openings.  After 
several  hours  under  pressure,  the  parts  are  removed  and  all  the 
dye  is  cleaned  from  the  outside.  The  parts  are  inspected  under 
magn  i t i cat  i on  to  insure  all  dye  has  been  removed.  The  jiarts  are 
then  placed  in  a vacuum  which  draws  out  any  dye  that  had  ])reviously 
penetrated  into  the  part.  Inspection  is  then  done  under  magnifi- 
cation to  determine  the  [)resence  of  anv  dye,  which  is  the  iiuli 
cat  ion  of  a leak . 

Parts  that  fail  the  gross  leak  test  arc  degreased  then  vacuum 
baked  foi’  24  hours  at  125^C  before  being  recycled  to  the  cover 
seal!  ng  jn'oeess  . 

li  n y i r oil  m c n t a 1 Screening.  High  reliability  hv'brids  ai'o  subjected 
to  several  environmental  stresses.  Requirements  vary  widelv,  but 
the  most  common  stresses  are  temperature  cycling,  temperature 
shock,  constant  acceleration,  and  mechanical  sliock  and  vibration. 

Temperature  cycling  subjects  the  h\'brid  to  several  cvcles  of  fi'om 
high  to  low  temperatures,  with  S minutes  maximum  transition  time 
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l.rrui'cn  c;ii.'h  exTienie.  Ten  cveies  I'rom  -SS  t(  +12.s'c  is  enmnio  n . 

1 h i s eye  1 ini;  is  typically  pcrformctl  by  t ra  ns  I'e  r i ni;  the  i>arts  from 
one  chamber  to  another,  each  ol'  which  have  been  preset  to  the 
hijth  and  low  temperatures. 

Tempc'rature  shock  means  subject  inj>  the  hybrid  to  several  cycles 
of  immediate  change  from  bi,yh  to  low  temperatures.  The  hybrid 
is  removed  I'rom  liipiid  at  125°C  then  immersed  in  li(|uid  at  S.s'"’c 
with  a maximum  of  10  seconds  el;ipsing  between.  The  part  remains 
for  live  minutes  in  each  liquid.  10  to  1 .S  c)-cles  of  this  test 
a I'  e t >’  p i c a I . 

In  the  co'»stant  acceleration  test  the  hybrid  is  jilaced  inside 
a centrifuge  and  usually  oriented  so  that  the  centripetal  force 
exerted  by  spinning  will  tend  to  pull  the  components  verticallv 
of  I the  substrate.  (Y|  axis.)  (Sometimes  other  orientations 
are  also  specified.)  S,000  to  .^0,000  (1  forces  for  one  minute 
are  the  most  frequently  specified. 

Mechanical  shock  is  exerted  by  mounting  the  hvbrid  on  a metal 
block  then  dropping  that  block  onto  a material  winvse  shape  and 
composition  dictate  the  impact  on  the  block.  Typical  is  fi\e 
shocks  of  1 , .SOO  (1,  lasting  0 . .S  milliseconds,  api^lied  in  eacli  of 
three  mutually  perpendicular  axes. 

Tlu'  hybrid  is  typically  vibrated  on  a sliake  table  wliose  frequenc\ 
and  amplitude  can  be  controlled.  fhe  tvpical  requiiement  is  20  (i 
peak  or  (lO  cycles  per  second,  with  O.Ob  inch  total  excursion. 

The  f re(|uency  is  varied  from  20  to  2,000  II:.  The  entire  fre(|uenc\ 
range  is  applicil  4 times  in  S mutually  ]io  rnend  i cu  1 a r directions. 

A total  of  48  minutes  is  the  minimum  recpi  i I'emen  1 . 
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-’’il  ^ ^ l^ccauso  all  parainetc'r  tests  will  he  lepeateii  J 

later,  it  is  typical  that  after  env  i ronnicnta  1 sereeninp.  a sim|ile 
test  is  perl'ormcil.  It  is  suffieient  at  this  point  to  tlemon  s t ra  t e 
that  all  the  components  are  functioning,  ami  are  properlv  comiectml. 

Failures  at  this  point  can  he  recycled  to  have  weldeil  covers 
pround  off  and  soldereil  or  epoxied  covers  removed  with  heat. 

hum  -In.  This  test  puts  a dumnn-  load  on  the  hyhiid  then  runs  t hi- 
hvhrid  at  its  hiph  power  level  continuously  for  l(i8  hours  (7  davsi. 

The  test  is  sometimes  performed  at  the  hiph  amhient  temperature 
of  the  spec  i f i cat  ion  . (]()0°C  is  commonly  reipiired.l 

1 ine  Leak  Test . This  test  for  small  leaks  cannot  detect  larp.e 
leaks,  so  a pross  leak  test  should  follow  this  one.  Fine  leaks 
should  he  tested  he  fo  re  pross  leaks  because  the  m.aterials  useil 
for  pross  leak  testinp  mipht  temporarily  close  a small  hole, 
causinp  it  to  po  undetected. 

Several  methods  are  acceptable  to  hiph  reliability  sju'c  i f i ca  t i on  s . , 

(')ne  involves  the  packape  heinp  subjected  to  radioactive  p.as  under  I 

pressure  then  removinp  the  packape  and  suhiectinp  it  to  v.icuum.  | 

Any  pas  that  had  been  forced  into  the  packape  can  he  detecteil  | 

as  it  is  drawn  out  by  the  vacuum.  This  procedure  can  detect  both  ' 

line  and  v.ross  leaks  by  measurinp  the  amount  of  r .itl  i oa  c t i v e maierial 
introtiuced  into  the  hybrid. 

fhe  same  h;i  s i c procedure  can  he  followed  usinp  helium.  In  some- 
v.ises  helium  is  sealed  into  the  packap,e  durinp  t lu'  oiipinal  cover 
sealinp  process.  When  such  a packape  is  sulvjected  vacuum, 
the  helium  can  he  detecteil  if  it  escapes  thi'oiip.h  an  open  i np  . 
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2nd  (iross  l.cak  Test.  This  is  ;i  repeat  of  tlie  previously  descrilu'd 
Rross  leak  test  . 

I'inal  lilectrical  Test.  This  test  checks  the  electrical  function 
of  the  hybrid  to  all  the  parameters  of  the  specification. 

failures  at  this  point  can  have  the  covers  removed  and  the  defects 
reworked  only  if  the  maximum  allowable  rework  cycles  have  not 
been  done.  The  decision  to  rework  failures  is  often  based  on 
whether  it  is  more  cost  effecti'/e  to  rework  or  to  original  Iv  have 
[rroduced  more  than  the  required  cjuantity. 

f i na 1 1 nspect ion . This  last  inspection  prior  to  shipping  the  hybrid 
clvecks  for  cleanliness  of  the  hybrid  and  verifies  that  the  marking.s 
have  not  been  disturbed.  Also  this  step  verifies  that  all  previous 
required  steps  have  iiecn  accomplished.  It  is  at  tliis  point  that 
the  operations  traveler  document  (which  has  accomimnied  the  )nnt 
throughout  the  assembly  sequence  and  now  records  the  historv  ol 
the  part)  is  "signed  off"  and  filed. 
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All  of  the  hybrid  c'lig  i n cc  r i ng  ;ind  manufacturing  considerations 
mentioned  in  nrevious  sections  arc  brought  to  bear  in  ci  eating, 
the  hybrid  design  layout.  The  specific  groundrules  and 
geneial  guidelines  shown  in  this  section  are  nreceded  by  text 
that  explains  the  reasons  for  them.  Some  of  this  text  reiterati's 
information  given  in  previous  sections,  in  order  that  t ti  i s section 
may  be  more  independently  comprehensive. 

The  only  reason  for  creating  any  electronic  nioduct  is  that  the 
nroduct  perform  its  electronic  function.  Tlie  l.iyout  guidelines 
and  groundrules  presented  herein  all  nresume  that  there  is  no 
tradeoff  within  the  electrical  performance  requirements.  Instead, 
the  tradeoffs  referred  to  are  those  that  make  liybrids  easier  to 
build,  readily  testable,  more  easily  repairable,  and  electrical  1\ 
reliable. 

The  groundrules  are  typically  stated  as  "preferred”  and  "minimum" 
requirements.  When  the  design  cannot  meet  the  preferred  reciuire- 
ments  and  must  be  estaiil  i shed  between  the  nrel'errcd  and  tlie  'mini- 
mum, decisions  must  be  made  that  involve  tradeoffs  between  one 
groundrulc  and  another. 

The  layout  design  guidelines  will  repeatedly  call  attention  to  tlie 
fact  that  making  optimal  tradeoffs  reipiires  knowletlge  of  the 
electrical  requirements  and  of  the  processes  ami  eipiipmcnt  that 
will  be  used  in  the  manufacturing  and  testing. 
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GENERAL  DESIGN  CONSIDERATIONS 


More  is  re(iuired  of  a ilosign  layout  than  that  it  simt)ly  meet  tlie 
in t e reonnee t i ons  described  on  the  electrical  schematic.  Figure 
^ . I 1 gniphically  depicts  tlie  sequence  of  activities  usually 
recpiired  to  generate  a final  design  layout.  These  activities  are 
the  engineering  cons  i ile  ra  t i ons  to  be  ac  comp  1 i sheil  either  by  design 
g,  |■ouI)S  or  liv  individual  designers. 

llie  first  engineering  activity  related  to  a specific  hybrid  is 
the  defining  of  t !ie  electrical  circuit  for  that  hylirid.  This 
definition  usually  comes  as  a result  of  the  pa  r t i t i on  i 'ig  of  tlie 
total  system  circuit  into  smaller  units.  Although  this  pa  I't  i t i on  i ng 
function  is  done  at  the  systems  engineering  level,  layout  designers 
often  participate  in  the  defining  of  the  hybrids.  'fhe  primary  layoui 
cons i de ra t ions  are;  how  much  can  be,  and  how  much  should  be,  put 
into  a specific  hybrid. 

It  is  typically  the  layout  designer's  function  to  ilesign  the  resistors 
that  arc  to  be  fabricated  as  an  integral  part  of  the  substrate. 
However,  it  is  not  unusual  that  the  selection  of  some  purchased 
components  is  left  to  the  layout  designer.  He  chooses  those  that 
best  suit  his  layout  size.  This  is  permissible  only  i\hen  the  schedule 
incluiles  enough  time  to  permit  a delay  in  purchasing  these  components. 
The  designer  should  make  selections  from  a minimum  variety  of  parts, 
in  order  to  minimize  the  stocking  recpiirement  ami  to  gain  a price 
advantage  by  buying  large  quantities  and  few  varieties.  The  iihiloso 
phy  of  basing  a tlesign  on  the  minimum  variety  of  parts  is 
applicable  to  all  parts  and  sbould  guide  the  selection  of  Inlirid 
packages  and  substrates. 
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I The  layout  designer  does  not  define  critical  electrical  na  lamct  e r ■- , 

I 

j but  he  must  obtain  them  from  the  circuit  designer  before  starting 

the  layout.  These  are  the  most  imiiorttint  constraints  tlie  layout 
must  meet.  If  the  hybrid  doesn't  perform  its  electrical  function, 
any  other  feature  is  i ns  i gn  i f i c.ant  . 

The  layout  designer  is  often  assigned  the  t;isk  of  making  :i  llu'Piial 
evaluation  as  part  of  his  design  activity.  \ final  evaluation  can 
not  be  made  until  after  the  proximity  of  the  comiionents  has  been 
determined,  aiul  this  cannot  l^e  done  until  at  least  a ti  re  1 i m i na  r 
layout  has  been  generated.  But  even  before  I’leginning  a la\out, 
an  evaluation  should  he  made  of  the  total  wattage  dissination  in 
relation  to  the  total  package  sice.  The  individual  comnonent 
dissipations  should  be  obtained  before  the  layout  starts  so  t iia  t 
these  dissipations  can  be  considered  while  the  design  is  being, 
done.  Section  3 can  he  of  assistance  in  the  thermal  evaluation; 
it  should  be  noted,  however,  tliat  the  information  in  Section  3 
is  elementary.  If  the  evaluation,  using  Section  3,  reveals  ;i 
marginal  design,  consult  an  expert. 

It  is  rarely  the  case  that  there  is  ne  maximum  limit  immised  upon 
the  sice  of  a hybrid.  The  maximum  sice  is  most  often  dictated  bv 
its  nlace  witliin  a larger  system.  t'or  wliatever  re.ason  t lie  limit 
is  imnosed,  it  is  on  1 y the  maximum  that  is  dictated.  It  is  alwa\s 
worth  considering  whether  a smaller-size  package  might  be  suf- 
j ficient.  However,  a word  of  caution  is  appropriate.  The  designer 

I should  be  sure  that  constricting  the  hybrid  to  tlie  smallest 

j possible  size  will  not  create  a package  of  extreme  densit\’  tliat 

I is  difficult  to  produce  and  test,  or  that  is  un  n- 1 i ali  1 e . 

The  information  in  Section  1.8  (Packaging  Densit\l  [irovides  a 
yardstick  Iiy  whicli  the  package  size  can  in-  evaluated. 
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Multilavoi  substrates  ro(|uiro  eon  t i nu  i t y testiny.  If  a univc'isal 
probe  tixture  is  to  be  used,  all  prolie  points  must  be  in  pie- 
determined  locations.  (See  Sections  l.S  and  R . 9 ) . blectrical 
testing  often  involves  probing  inside  the  hybrid  to  isolate 
c e I t a i n signals.  I he  hybrid  should  have  adec|uatc  space  around 
any  point  wliere  a probe  might  need  to  be  placed.  This  is 
particularly  important  in  a hybrid  because  the  exposed  components 
aiul  very  small  wires  can  be  damaged  very  easily.  Tnv i ronment a 1 
test  requirements  can  also  place  unusual  constraints  upon  the 
design.  Stringent  temperature  environments  can  influence  the 
thermal  evaluation.  Severe  shock  or  vibration  recpi  i rements  may 
dictate  the  need  to  keep  all  wires  unusually  short. 

In  summary,  if  the  prelayout  review  shown  in  Figure  7.1-1  is 
not  conducted  as  a formal  group  meeting,  it  nevertheless  behooves 
the  layout  designer  to  personally  assure  himself  that  he  lias  all 
pertinent  information  before  proceeding  with  the  design. 

7.2  PRF.bAYOUT  RHVIFdV 

Prior  to  beginning  the  actual  layout,  the  designer  should  have, 
as  a minimum,  the  answers  to  the  following  (.(uestions; 

o Is  the  electrical  circuit  exactly  as  defined?  Are  an\' 
changes  anticipated? 

o Are  all  electrical  constraints  clearly  understood? 

o Which  components  may  be  mounted  outside  the  hybrid  package 
if  it  becomes  necessary? 

o C.an  the  thermal  requirements  be  met?  Does  the'  tliernal 
evaluation  indicate  a marginal  condition? 

o Is  the  electrical  component  parts  list  complete? 

(Including  which  resistors  will  be  integral  with 
the  substrate?) 
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o !s  tlu'i't'  a I’Kiximu”!  1 imit  to  tho  nacka;;o  si  20? 

o Must  the  packuLte  be  ehosen  I'ropi  a list  o I'  pi'Cile  t e nii  i ne  J 

s t aiula  rd  s ? 

o If  tlie  package  has  liccn  selected,  does  it  appeal'  to  be  adequate? 
Can  its  size  be  reduceil? 

o Are  all  testing  requirements  clearly  undei'stood  (both  electrical 
and  env i ronment a n ? Ho  these  place  any  unusual  constraints  upon 
tlie  design. 

o Must  the  manufacturing  materials  be  totally  nonorganic? 

0 Which  manu  f ac  tu  r i ng  processes  are  availatile? 

o What  equi]iment  is  available  for  manufacturing? 

o Will  the  substrate  be  fabricated  as  thick  or  tliin  film? 

o What  ecpiipment  is  available  for  testing?  If  multilayers  are 

required,  will  the  substrate  checkout  be  manual  or  automatic? 

o Are  there  any  requirements  not  mentioned  in  this  list? 

o After  considering  all  the  above,  is  there  a definite  nriorit\'^’ 
apolicable  to  the  design  groundrules? 
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Ttie  following  guidelines  slunild  lie  considered  for  anv  lavout  klesign. 


o Tlie  layout  should  be  treated  as  an  engineering  document,  even 
tnougli  It  is  not  usually  part  of  the  official  drawing  nacKage 
used  for  fabrication.  It  should  contain  as  a minimum;  title, 
ilocument  number,  approv.al  signatui'es,  and  provisions  for  revisions. 
Revision  status  should  be  indicated  on  the  lavout  along  with  the 
da  t e o f rev  i s i on  . 

o JOX  scale  is  preferred.  It  is  most  commonls  U'^ed. 

o Preferably,  the  layout  should  be  on  mylar.  Mvlar  is  more  'Mable 
than  vellum  or  paper.  The  layout  is  more  accuratt'. 

o Payout  lines  should  lie  on  a grid  nattern  whereier  fe.i'^ible. 

1 (1  - to  • the- i nch  or  ?()  - to  - 1 he  - i neb  grills  are  lecommeiul  ed  . 
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"Priority''  is 
importance  of 


to  be  interpreted  as  the  order  ol 
the  various  design  groundrules. 
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o All  layout  lines  should  be  drawn  on  the  grid  lines  or  on  half 
grid  location.  (Any  line  drawn  between  two  grid  lines  is 
understood  to  he  lial  f-way  betw'een  the  tw’o  gi  ids.) 

o Any  layout  line  that  cannot  be  on  grid  or  half-grid  must  be 
dimensioned  to  clarify  its  exact  position. 

o If  the  layout  is  drawn  directly  on  a mylar  grid,  the  grid 
will  then  always  remain  with  the  layout. 

a.  Black-line  grid  will  appear  on  a print  of  the  layout. 

This  may  sometimes  be  desirable.  Howevoi',  layout 
pencil  lines  may  be  difficult  to  distinguish  from 

b 1 ack  grid  lines. 

b.  The  blue- line  grid  does  not  appear  on  a print  of  the 
1 ayout . 

c.  A dot-pattern  mylar  grid  is  most  desirable.  (The 
dots  are  only  at  the  points  that  would  have  been 
the  intersection  points  of  grid  lines.)  A black 
dot  pattern  will  appear  on  a print  of  tlie  layout, 
and  will  not  obscure  the  layout  pencil  lines. 

o If  plain  mylar  without  preprinted  grid  is  used,  it  should  be 
placed  over  a mylar  grid  while  the  layout  is  being  done.  Two 
alignment  points  of  the  grid  should  bo  shown  on  the  layout  in 
order  to  realign  after  layout  is  removed  from  the  grid. 

o If  the  artwork  is  to  be  generated  by  cutting  film  with  a 
coord i natograph , then  having  only  horizontal  and  vertical 
lines  is  a great  advantage.  If  the  artwork  is  to  be  manually 
taped,  then  horizontal  and  vertical  lines  arc  still  desirable, 
but  the  advantage  is  not  as  great. 

0 If  diagonal  lines  are  needed,  4.5°  is  nreferred.  Angles  that  can 
be  defined  by  any  two  grid  points  are  next  in  priority.  Angles 
that  cannot  be  defined  as  two  grid  points  should  be  dimensioned 
on  the  layout. 

o The  corners  (intersection  of  two  lines)  should  be  sharp,  not 
rad i used  . 

o Use  special  cross-hatch  or  color  code  to  indicate  all  thick  film 
resistors  that  will  be  fabricated  from  the  same  naste.  This 
facilitates  artwork  generation. 
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o Use  of  the  color  red  on  the  layout  needs  special  attention 
because  red  cannot  he  seen  when  red  ruhylith  is  placed  over 
it.  This  fact  can  he  used  to  advantaj^e. 

a.  When  the  artwork  patterns  are  being  generated,  it 
can  be  a distraction  to  have  other  lines  appearing 
on  the  layout. 

h.  If  red  color  is  used  to  draw  component  outlines  and 
wiring,  it  will  fade  out  under  the  red  artwork  film. 

This  fade-out  leaves  only  the  layout  lines  that  define 
the  actual  artwork  appearing  while  the  artwork  is 
being  cut  on  a coord  inatog raph  . 

o Standardize  all  coding  (colors  and  symbols). 

o Package  pin  numbers  should  be  assigned  in  counter-clockwise 
order,  as  the  layout  is  viewed  looking  doven  on  the  package. 

The  sequence  should  start  in  one  corner  of  the  package. 

o Wherever  feasible,  enlarge  conductor  tracks  to  form  ]Kids 
for  bonding  wires  from  substrate  to  package  leads. 

o It  is  recommended  that  two  wires  be  used  from  package 
leads  to  substrate  bonding  pads,  wherever  high  current 
or  low  ohmic  requirements  exist.  Such  double  wire  bonds 
also  increase  reliability. 

o On  the  layout,  tlie  signal  name  for  each  package  pin  sliould 
lie  shown. 

o W'iiere  space  permits,  indicate  on  the  layout  the  electrical 
function  of  each  l.C.  chi]i  terminal  for  more  effective 
layout  evaluation  and  for  electrical  checkout.  Where 
space  is  limited,  show  the  1.0.  terminal  number. 

o Ihe  substrate  and  package  size  should  be  called  out 
on  the  layout. 

o It  is  desirable  to  place  a symlml  in  the  substrate  artwoi'k 
in  order  to  indicate  the  substrate  orientation  to  tlie 
package.  Pin  .\'o.  1 is  usually  chosen  as  the  place  for  the 

s ymbo 1 . 

o Indicate  whether  the  backside  of  the  substrate  is  to  be 

metallized.  The  exact  dimensions  of  the  backside  metalli- 
zation should  be  indicated. 

o The  size  and  material  of  all  bonding  wires  should  be  indicated 
on  the  layout.  .Symbols  can  be  used  to  distinguish  the  difl'er 
ences . 
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IJNIVHRSAL  I.AYOUT  (;U  I UF.L  TNliS 


0 Whenever  more  than  one  artwork  pattern  is  required  i'oi'  one 

substrate,  there  should  be  marks  for  targets!  on  each  artwork 

to  provide  for  aligning  them  with  each  other. 

o The  layout  should  liave  notes  that  contain,  as  a minimum: 

a.  A cross-reference  to  the  applicable  schematic,  including 
the  appropriate  schematic  revision  status. 

b.  An  explanation  of  all  symbols  and  color  coding  used 
on  the  drawing. 

c.  A callout  of  the  substrate  and  package  materials. 

d.  The  method  of  package  sealing. 

e.  I'he  method  of  attachment  of  all  components,  including 
that  of  the  substrate  to  the  package. 

f.  I'he  identity  of  all  high-wattage  components,  and 
the  wattage  dissipation  of  each. 

g.  Tor  thin- film  integral  resistors,  the  ohms - pe r- squa re 
resistivity  of  the  resistor  material. 

h.  Tor  all  integral  resistors,  dimensions  should  be  shown 
when  the  edges  do  not  lie  on  grid. 

i.  For  thick-film  integral  resistors,  the  various  resistive 
pastes  should  be  cross-referenced  to  the  appropriate 
resistors.  The  resistor  dimensions  should  also  be  shown. 
fA  chart  is  suggested  for  efficiency.) 
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7.4  PR^.l,i^•llNARV  I.AYOUT 


In  the  majority  of  cases,  it  is  advisable  to  create  some  form  ol 
pre 1 i m i na  r y 1 ayou  t . 


In  any  individual  design,  the  q.,estion  of  whether  a preliminary 
layout  will  be  necessary  is  a matter  of  the  designer's  judgment, 
fhe  best  Judgment  is,  of  course,  based  on  experience;  but  as  a 
generalization,  those  designs  that  fall  in  the  high-density 
category  merit  a preliminary  layout. 


An  important  consideration  in  favor  of  a nreliminary  layout  is 
that  1 ess  - than  - opt ima 1 designs  often  result  when  a final  config- 
uration is  draivn  before  a preliminary  overall  view  lias  been 
evaluated.  These  1 ess- than-opt imal  designs  occur  as  a result 
of  the  following  sequence; 


1.  bliminating  a preliminary  layout  means  that  the  designer's 
intention  is  to  make  the  "first  pass"  suffice  as  the  I'inal 
configuration.  He  then  must,  from  the  beginning,  expend  tlie 
time  and  effort  to  make  that  first  pass  dimensionally 
accurate . 

Z.  Since  he  cannot  exactly  predict  the  space  required,  he 
designs  to  minimum  guidelines. 

S . By  the  time  the  layout  is  completed,  the  designer  is 

psyclio  log  i ca  1 1 y committed  to  that  configuration  on  which 
lie  has  expended  "so  much"  energy. 

4.  Any  excess  space  will  only  be  seen  after  tlie  designer  has 
committed  himself  (i.e.,  after  the  layout  is  completed! . 

5.  At  this  point  in  the  sequence,  no  one  (neither  the  designer 
nor  the  supervisor)  wants  to  expend  additional  time  or 
effort  to  completely  redraw  and  rcspacc  the  entire  layout, 
(especially  since  it  is  such  a temptation  to  rationalize 
that  "it  meets  the  guidelines"). 

f) . fhe  end  result  is  a layout  that  meets  only  tlie  mini  mum 
requirements  but  could  have  been  improved  to  beFt^r 
than  minimum. 
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PRr.Ll  MINARY  LAYOUT 


riio  minimal  objective  in  a preliminary  layout  is  to  translate 
the  symbolic  electrical  schematic  into  a complete  overall  physical 
picture  as  soon  as  possible  and  to  expend  the  least  effort 
necessary  to  achieve  that  physical  picture. 


In  the  preparation  of  a preliminarv'  layout,  a variety  of  ablirevi- 
ated  graphic  techniques  can  be  used  to  save  time  and  lielp  avoid 
a premature  commitment.  The  following  groundrules  are  sufficient 
for  a minimal  preliminary  layout. 


o Tree-hand  drawing  (without  stra  iglit -edge)  is  adequate. 

o It  is  not  critical  that  components  be  drawn  to  exact 
size.  An  approximation  of  size  is  helpful,  but  not 
mandatory . 

o draw  conductors  as  single-width  pencil  lines. 

o Show  voltage  and  ground  lines  as  wider  lines,  sinqily  as  a 
reminder;  not  mandatory. 

o As  preliminary  layout  proceeds,  maintain  excess  space  between 
components  and  between  conductor  lines  in  order  to  make 
changes  easily. 

o A good  approximation  of  the  actual  space  requirements  can  be 
determined  mathematically  by  adding  up  the  I'eal  sires  of 
the  components  and  the  conductor  tracks. 

o To  distinguish  bonding  wires  from  conductor  tracks,  color 
can  be  used. 

o Show  all  chip  bonding  pads  in  their  positions  relative 
to  the  corners  of  the  chip  (i.e.,  draw  each  ]iad  at  the 
edge  of  the  chip  where  it  truly  appears,  but  the  exact 
spacing  along  tlvat  edge  is  not  critical). 

o I’ackage  pins  can  usuallv  be  determined  at  the  nreliminarx 
stage. 

Note:  preferred  package  pin  numbering  is  count  ere  I ockw i se . 
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I-  i gu  rc 
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7.4-1  is  an  example  of  such  a minimal  preliminary  layout 
ingle- layer  substrate. 


igure  ■’.1-1  liXA'IPI.i:  0['  MIMM.Al,  PR(.  1. 1 M I \RV  I.AVOIIT  (SINCII  l\MRl 


7 . i ((.ont  . 


I'Ria.IMIN'ARV  I.AVOUT 


Although  the  typo  of  layout  shown  (Figure  7.4-1)  does  servo  the 
minimal  purpose  of  creating  a physical  picture,  it  obviou>l\ 
could  have  been  more  definitive.  The  next  example  depicts  a 
preliminary  layout  technicpie  that  is  more  definitive,  and 
retpiires  somewhat  more  accuracy. 


Edge  of  layout  area 


lOBSfl 


I ^vo  iti 
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7.1  (Cont.)  I’Rl'.UMINARY  l.AYOUT 


The  following  groundrules  ai'c  suffiLiont  for  suili  a .‘^ein  i accu  ra  t o 
preliminary  layout. 


o All  components  and  package  pin  spacing  (k  to  t,  only) 
should  be  drawn  to  correct  size. 

o 20x  scale  is  suggested. 

o Components  and  ])in  spacing  need  only  he  measured  accurately 
one  time,  and  drawn  on  a separate  niece  of  paper  to  the 
scale  selected  for  the  layout.  After  once  being  dra\.n 
accurately,  they  can  he  t raced  on  the  [preliminary  layout. 

This  includes  resistors  that  are  to  he  integral  witli  the 
subs  t rate  . 

o The  same  accurate  pictures  can  later  he  traced  on  the  final 
1 ay out  . 

o IVhen  each  component  is  traced  on  the  preliminaiy  layout,  its 
mounting  pads  should  be  included  fsee  Section  ^ . b ) . 

o Although  the  accurate  picture  done  on  separate  paper  should 
be  drawn  with  a straight  edge,  free-hand  tracing  (without 
straight  edge)  is  adequate  tor  the  preliminary  layout,  as 
long  as  the  corners  are  drawn  to  accurately  define  the  outer- 
most dimension  of  the  object  traced. 

o Allow  excess  space  between  components  and  conductor  lines  in 
order  to  make  changes  easily.  The  actual  snrice  rec|uiri'd  foi' 
conductor  tracks  can  be  determined  mathematically. 

o The  overall  size  shown  as  dimensions  X and  Y in  figure  ~ . 1 . .1 
need  not  be  accurate  in  preliminary  layout.  IVhen  jireliminarv 
layout  is  complete,  the  mathematical  sum  of  the  sizes,  of 
mounting  pads,  lines  and  spaces  will  indicate  tlie  overall 
size. 

o R1  i :•  an  example  of  what  not  to  do.  Conqilete  delineation 
of  a serpentine  resistor  is  unnecessary. 

o R2  is  an  adequate  abbreviated  outline  of  a serjpcntine 
resistor.  Note:  The  overall  size  sliouUl  be  accurati.  . 

o R.p  is  integral  with  the  substrate.  It  is  shadi'd  on  1 v 1 (- 
distinguish  it  from  R4  , wiiich  is  a chip  resistor. 
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o Any  resistor  that  is  integral  with  tlie  sulistrate  may  need  lo 
liave  its  shape  modified  during  final  layout  in  order  to  liest 
utilize  available  space.  (Of  course,  its  resistance  \alue 
must  remain  unchanged.  Sec  Section  . 8 . ) 

The  advantage  of  this  semiaccurate  preliminary  layout  (liguiv  '’.1-2) 
over  the  previously  sliown  minimal  configuration  (figure  7.1-1) 
is  that  7.4-2  is  much  more  definitive.  While  it  does  require 
additional  effort,  that  effort  during  preliminary  layout  lediices 
effort  during  the  final  layout.  figure  7.4-2  is  much  closei'  to 
the  final  configuration  than  Figure  7.4-1. 

lach  of  the  prcv'ious  examples  was  a single  laver  design. 

Abbreviated  drafting  techniques  can  also  be  used  for  multi- 
layer designs.  Figure  7.4-3  shows  examples  of  p re  I i m i na  i'\' 
layouts  for  multilayer  designs  using  dielectric  cross-over 
bridges  and  using  continuous  dielectric  layers.  (When  more 
than  two  layers  arc  required,  the  layout  may  lie  clearer  if  two 
sheets  are  used.  Fach  sheet  can  depict  two  layers.) 
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7.S  CONnilCTOR  AN'l)  RliSlSTOR  l.INHS  AND  SI'ACINC 


In  the  preparation  of  a hybrid  mic  roc  i I’cu  i t layout,  some  of  t lie 
first  t;roundrules  to  be  established  are  the  ninimupi  and  pieferreil 
dimensions  for  conductors  and  resistors  and  the  spaces  lietween 
them.  In  this  section,  the  minimums  referred  to  are  the  limits 
of  manufacturing  capability.  Other  design  constiuiints  often 
dictate  that  the  dimensions  must  be  larger  than  the  manu  f ac  t ur  i n y, 
minimums  (e.g.,  constraints  pertaining  to  high  current,  ground 
reference,  thermal  dissipation,  wire  bonding,  etc.). 

The  criteria  for  thin  and  thick  film  designs  are  different  diu'  to 
the  processes  involved  in  the  fabrication.  Within  the  thick  film 
category  there  are  unique  requirements  for  multilayer  t eclino  1 og\- . 


7.5.1  Thin  Film  Lines  and  Spaces 

The  preferred  width  is  5 mils  (0.127  mm)  for  conductors.  These 
dimensions  will  provide  high  fabrication  yields  when  either  of 
the  two  common  thin  film  processes  are  used  (i.e.,  panel  plating 
or  pattern  plating). 

As  a generalization,  2 mils  is  considered  a workable  minimum  that 
still  has  the  potential  for  good  yields.  The  wortl  ''potential'' 
as  used  here  means  that  the  yields  will  be  high  if  all  the  nroco'^ 
vari.ibles  can  be  maintained  within  a narrow  range. 

Layouts  are  typical Iv  drawn  so  that  pencil  lines  lie  (ui  a grid 
pattern  100  mils  (2.54  mm)  x 100  mils  or  50  mils  (1.27  mm)  x 
50  mils.  For  drafting  convenience,  2.5  mils  (0.0(i5  mm)  is 
frcqucntlv  used  as  the  minimum,  since  it  allows  the  continuation 
of  the  full-gri<l  or  ha  If -grid  incremeitt  (2.5  mils  at  2i'x  scale 
mc.isure  50  mils). 
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7.5.1  (Cont.)  Thin  Tilm  Lines  and  .Spaces 


The  absolute  minimum  dimensions  arc  ditTicult  to  del'inc.  Various 
combinations  of  materials,  equipment,  and  techniciues  liave  been 
utilized  to  achieve  lines  and  spaces  of  less  than  0.5  mils 
(0.0127  mm).  These  cases  typically  involve  small  quantities,  and 
much  lower  fabr icat  ion  yields  must  be  accepted. 

The  dimensions  for  the  spaces  between  adjacent  conductors  arc  the 
same  as  for  the  conductors  themselves:  preferred,  5 mils; 

workable  minimum,  2 mils;  for  drafting  convenience,  2.5  mils; 
absolute  minimum,  less  than  0.5  mils. 

.NOTH:  Tolerance  on  the  substrate  size  should  be  taken  into 

account  when  determining  any  minimum  edge  distance. 

fhe  distance  from  the  edge  of  the  substrate  to  tlie  nearest  con- 
ductor is  preferably  7.5  mils  (0.190  mm),  with  a minimum  of 
5 mils  (0.127  mm).  These  dimensions  apply  to  substrates  tliat 
arc  precut  to  size.  Thin  film  substrates  are  often  faliricated 
as  a multiple  pattern  on  one  oversize  substratc>  that  is  later 
broken  into  smaller  substrates.  (Sec  description  of  scribe  and 
break.)  Additional  space  is  desirable  to  permit  a tolerance  on 
the  location  of  the  scribe  lines,  and  the  broken  substrate  eiiges 
may  also  be  more  ragged.  I'or  these  reasons,  tlie  edge  distances 
for  "scribe  and  break"  substrates  arc:  preferred,  10  mils 

( 0.2  5 4 mm ) ; minimum,  7.5  mils. 

Ihin  film  resistors  can  lie  produced  witli  high  yields  when  1 lie 
width  is  5 mils  (0.12'^  mm).  fhe  generally  acce]itcil  minimum  is 
2.5  mils  (0.00.5  mm).  The  absolute  minimum  can  be  less  than 
1.0  mil  ( 0 . 0254  mm ) . 
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7.S.1  ((\int.)  Til  i n I'ilm  Lines  and  Spaces 

NOTH:  The  above  resistor  dimensions  apply  to  tlie  resistor  in 

areas  other  than  the  trim  bar  (see  Sections  (i . 1 and  7.8 
tor  trimming  i n format i on) . In  the  area  of  the  trim  bar 
a 10-mil  (0.254  mm)  width  is  preferred,  with  a minimum  of 
7.5  mils  (0.190  mm ) . 

Reminder:  The  resistor's  electrical  and  thermal  requirements 

usually  dictate  its  geometry  more  than  the  fabrication 
limitations.  See  Section  7.8  for  resistor  design 
g u i d e 1 i n e s . 

The  space  between  resistors  is  5 mils  (0.127  mm)  preferred;  2 
mils  minimum;  for  drafting  convenience  2.5  mils  (0.06.5  mm); 
absolute  minimum  less  than  1.0  mil  (0.0254  mm). 

Because  the  resistors  and  conductors  are  on  separate  masks,  the 
distance  between  resistors  and  conductors  should  be  larger  to 
allow  for  misalignment  between  the  two  masks.  The  iireferreil  space 
is  7.5  mils  (0.190  mm);  the  minimum  is  5 mils.  These  dimensions 
apply  in  areas  other  than  adjacent  to  the  rcistor  ti'im  bar. 

The  space  required  adjacent  the  trim  bar  is  10  mils  (0.254  mm); 
minimum  7.5  mils  (0.190  mm). 

The  configuration  recommended  for  a conductor/res i stor  interface 
using  pattern-plating  processing  is  different  from  one  using 
panel-plating  processing.  Tor  pattern  plating,  the  conductor 
should  be  5 mils  (0.127  mm)  wider  on  each  side  of  the  resistor; 
the  conductor  and  resistor  should  overlap  5 mils;  and  the  conduc- 
tor should  extend  5 mils  beyond  the  overlap.  For  jianel  plating, 
the  conductor  width  should  be  equal  to  the  resistor  (no  overla]i 
is  required)  and  the  conductor  should  extend  10  mils  (0.254  mm) 
beyond  the  end  of  the  resistor  before  a change  of  conductor 
direction.  These  dimensions  for  the  two  distinct  interface 
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7.S.1  (Cent.)  Thin  Film  Lines  and  Spaces 


con r i purat i ons  permit  easy  alignment  of  the  respective  resistor 
mask  to  the  conductor  pattern.  (See  Section  h.l  for  a descrip- 
tion of  the  processes.!  These  differences  in  pattern  plating 
versus  panel  plating  emphasize  the  designer's  need  to  know  aliout 
which  technique  will  be  used. 

In  thin  film  technology,  both  conductors  and  resistors  are  fabri- 
cated by  selective  acid  etcliing  of  the  film  materials.  'Die 
etching  undercut  factor  is  one  of  the  important  processing 
variables.  Since  the  amount  of  undercut  is  affected  by  the 
material  thickness  through  which  the  acid  must  etch,  tlie  net 
result  is  that  absolute  minimum  line  widtlis  are  greatly 
influenced  by  the  material  thickness.  This  factor  is  an  examjile 
of  the  i n t er r rel at i onsh  ip  of  variables. 

NOIT'.:  Since  e.xtremely  small  lines  or  spaces  recpiire  unique 

critical  processing,  it  is  not  recommended  to  combine 
both  critically  small  and  normally  preferred  sizes  within 
one  layout. 

Any  hybrid  designed  to  the  limit  of  any  fabrication 
capability  should  be  approved  only  after  a consultation  with  the 
processing  group. 

Table  7.5.  1-1  summarizes  the  minimum  and  preferred  dimensions 
for  thin  film  designs,  as  discussed  in  tliis  section.  Figures 
7.5. 1-1  and  7.5. 1-2  illustrate  the  dimensions  called  out  in 
lab  1 e 7 . 5 . 1 - 1 . 
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ote:  Resistor/conductor  interfaces  shown  here  apply  to  panel  plating  only. 


rigure  7.S.I-:  .'MUU  T lON.M.  t:ONSTR.\l  N'TS  l•(1R  THIN  ! I I.M 

l.IN’T.S  ,-\Nn  SP.ACHS 


7.S.2  I'liiek  I'ilni  Lines  and  Spaces 


There  is  a wide  ran^e  of  expertise  in  producing  thick  film  sidt- 
strates.  The  continuous  improvement  in  materials  and  equipmeiU 
cornhined  with  new,  constantly  evolving  techniques,  is  decreas- 
ing the  sizes  of  thick  film  lines  and  spaces.  This  state  of 
flux  emphasizes  the  need  for  coordination  hetween  the  layout 
designer  and  the  thick-film  manufacturing  group. 

ft  should  be  recognized  that  the  dimensions  given  here  are  the 
recommendations  based  on  fabrication  requirements;  other  con- 
straints usually  have  higher  priorities  than  fabrication  and 
therefore  establish  the  need  for  1 a rger- than-m i n imum  sizes  of 
lines  and  spaces  in  certain  areas  of  the  layout  [i.c.,  electrical 
performance  constraints,  thermal  constraints,  and  testing 
requ  i rcment  s ) . 

In  thick  film  processing,  the  pattern  is  applied  on  the  ceramic 
substrate  by  a screen  printing  technique.  Consistent  screen/ 
squeegee  pressure  over  the  entire  working  area  is  imporatnt  to 
the  production  of  small  lines  and  spaces.  Vet  that  pressure  is 
affected  by  the  ceramic's  camber  (curvature),  which  is  in  turn 
a function  of  the  ceramic's  size.  (Substrate  camber  is  commonlv 
specified  to  be  4 mils  (0.102  mm)  per  linear  incii.)  Tlie  size  of 
the  substrate,  relative  to  the  size  of  the  printing  screen,  can 
also  affect  the  overall  pressure.  This  size  ratio  is  usual Iv 
only  a factor  for  substrates  larger  than  2.00  in.  The  recom- 
mendations given  in  this  section  apply  to  substrates  up  to  2.00 
in.  by  2.00  in.  When  the  substrate  is  larger,  the  design  retpiire 
ments  should  be  confirmed  by  the  manufacturing  group  that  will 
produce  the  particular  substrates. 
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Common  hii^h-yield  dcsiyn  criteria  require  conductor  lines  aiul 
spaces  of  12.5  mils  (0.3175  mm).  However,  the  minimum  limit  in 
any  particular  design  is  dependent  on  the  capability  of  the 
manufacturing  group  that  will  fabricate  the  substrates.  Consis- 
tent good  yields  have,  in  some  cases,  been  achieved  with 
dimensions  of  5 mils  (0.127  mm).  Beam-lead  mounting  patterns 
have  been  produced  with  lines  of  4 mils  (0.102  mm)  over  short 
distances.  On  the  other  hand,  there  are  manufacturing  groups 
that  achieve  better  yields  producing  multilayer  configurations 
with  10  mil  lines  and  spaces  than  producing  a single  layer  sub- 
strate with  lines  and  spaces  less  than  10  mils  (0.254  mm).  In 

cases  where  low-cost  and  high-production  rates  are  the  highest 
priorities,  15  mils  (0.381  mm)  has  been  established  as  the 
preferred  dimension  and  10  mils  as  the  design  minimum. 

Tor  thick  film  resistors,  both  the  length  and  the  width  have 
minimum  limits.  One  reason  is  that  both  conductor  and  rcsisloi' 
materials  are  applied  as  pastes  (also  called  inks),  and  ax  the 
interface  between  the  two  a blending  of  the  materials  occurs 
during  firing.  The  area  of  blending  is  only  a few  mils  into  the 
area  of  the  resistor;  but  if  those  few  mils  are  a large  percen- 
tage of  the  total  resistor  length,  then  the  effect  on  tlie 

resistor  value  is  large. 

It  is  important  to  note  that  the  fabrication  of  resistors  entails 
a largernumber  of  variables  than  the  fabrication  of  conductors. 

In  addition  to  tlie  large  variety  of  materials,  eciuipment,  and 
techniques  being  used,  there  is  a wide  range  of  resistor  perfor 
mance  requirements.  When  the  resistor’s  iierformance  is  critical 
over  various  ranges  of  electrical  and  environmental  conditions, 
the  design  of  the  resistor  geometry  should  be  closely  cooidinated 


7 . S . 2 
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with  the  proccssinji  engineer.  (See  Sections  7.8  ami  1 . -I  for 
performance  data.) 

liach  separate  resistor  paste  being  applied  reouires  a separate 
mask,  therefore  certain  resistors  within  one  sulistrate  may  he 
screened  through  separate  masks.  Additional  space  is  recommended 
between  resistors  on  separate  masks  in  order  to  allow  for  regis- 
tration tolerances  between  the  masks. 

Lor  any  particular  design,  the  minimum  dimensions  are  influenced 
by  the  quantities  to  be  built.  Anything  can  be  built  once,  even 
if  it  means  building  a hundred  to  get  one  good  one,  but  designs 
for  large  quantities  should  not  force  the  manu factor i ng  groun  to 
use  critical  process  controls.  The  recommended  dimensions  are 
conservative  in  order  to  establish  designs  that  permit  high 
manufacturing  yields  without  utilizing  critical  process  controls. 

.A  glaze  is  sometimes  applied  over  resistors  to  improve  their 
Stahl litv.  The  glaze  is  applied  thorugh  a separate  mask.  Ihe 
glaze  should  be  7 . .S  mils  (0.190  mm)  larger  all  around  the 
resistor. 

Table  7 . .S . 2 - 1 lists  the  dimensional  constraints  for  thick  film 
lines  and  spaces.  figure  7.S.2-1  illustrates  examples  o I'  the 
constraints  listed  in  Table  7 . .S  . 2 - 1 . 
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Spn»,  I-  lu*tworn  Conductor  and  Resistor 
oti  rntrimmed  Side  of  Resistor 

12 

Convlucter  Width  at  Resistor  Interlace  — 

Sp.h  e t roiTi  Substrate  Edge  to  Nearest  Conductor 


Resistor  Width 


Res Istor  Length 

Spare  brlweon  Resistors  (On  I'ntrlmmed 
Sides  of  Resistors) 

Resistors  within  f>ne  Mask 
Resistors  on  Separate  Masks  ”• 


i>cerl.ip  at  Reslstor/Coi.  Uirtor  Interface 


Conductor  DI.’»enslon  beyond  Overlap 


Space  Ad)acent  to  Resistor  Required  for 
I r 1 ftiml ng 

laser  Trimming 

Abrasive  Trimming 


10.0  .254 

5.0  .127 


25.0  .635 


10.0  .254 

10.0  .254 

10.0  .254 


15.0  . iHi 
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Overgl.i/e  beyond  Resistor  Size 


M Consult  manufacturing  grotip. 

;'2  dimension  on  ea«h  stih-  of  resistor  width. 

/]  Consult  manufacturing  group  for  critical  performant.e  resistors. 

/4  Each  paste  t vpe  Is  applied  with  separate  mask. 

/_5  All  dimensions  re*  <immende«l  for  substrate  sizes  up  to  2.00  in.  (50.8  turn)  x 
For  larger  sizes,  lumsult  manufacturing  group. 

fJl  See  special  cases  shown  on  Figure  7. 5. 2-1. 

n High  resistivity  pastes  (>  I M fi/O)  require  longer  lengths  (see  SeMion  1.4) 
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7.()  COMPONI-NT  MODNTINCI 


In  a tiybrid  microcircuit,  the  electronic  components  are  typically 
mounted  onto  the  surface  of  the  substrate  conductor  tracks.  Ihe 
tracks  arc  shaped  into  pads,  the  sizes  of  which  are  designed  to 
accommodate  the  various  components. 

When  establishing  the  pad  sizes  and  spacing  recpi  i r ement s for 
component  mounting,  the  layout  designer  needs  to  take  into 
account  thermal  dissipation,  electrical  constraints,  and  the 
materials  and  techniques  that  will  he  used  during  assembly. 

The  recommendations  given  throughout  this  section  take  into 
account  only  assembly  materials  and  techniques.  Thermal  and 
electrical  requirements  are  discussed  in  other  sections. 

Materials  and  techniques  used  to  attach  components  to  the  mounting 
pads  vary  from  solder  or  epoxy,  which  creates  fillets  around  the 
component  to  eutectic  attach  which  adds  no  material  around  the 
component.  Solder  will  typically  "wet"  only  the  metallized 
areas  and  will  tend  not  to  spread  onto  the  hare  ceramic  (assuming, 
of  course,  that  the  amount  applied  is  not  excessive).  Certain 
epoxies  will  spread  indiscriminately  because  their  viscositv 
becomes  lower  during  the  curing  cycle. 

II  i gli  rel  i ah  i I i ty  spec  i f i cat  i ons  typically  prohiliit  the  use  of 
epoxy  in  the  same  package  with  semiconductors,  because  epoxy 
(or  any  other  organic  matcriall  may  have  long  term,  deleterious 
effects  on  semiconductors.  fqioxy  usage  is  incluiled  here,  not 
as  a recommendation,  hut  for  those  instances  where  epoxy  is  not 
proh i h i t ed  . 
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COMl’ONl'.NT  MOlJN'TrNC 


Components  can  he  mounted  on  tlie  top  surl'ace  of  a multilayer 
substrate  (mi  1 y if  the  low  thermal  transfer  throuj’h  the  die- 
lee  t r i c layers  can  he  tolerated.  Since  eutectic  attach  of 
semiconductor  chips  requires  a flat  surface,  the  numher  and 
type  of  layers  under  the  semiconductor  mounting  pad  may  need 
to  he  restricted.  Compared  to  a continuous  conductor  plane, 
individual  conductor  tracks  on  lower  layers  create  greater 
"waviness"  in  subsequent  layers.  The  constraints  concerning, 
comj)onent  mountinj>  on  top  of  multiple  layers  should  he  estali- 
lished  by  the  manu factur i ng  group. 

Conq)onents  can  not  only  he  mounted  on  the  substrate,  insitle 
the  package,  but  high-wattage  components  can  he  mounted  direct  Iv- 
on the  top  surface  of  the  package  base.  Of  course,  in  such  a 
case  the  substrate  cannot  cover  the  entire  ]-)ackage  surface. 

II  i gh  - wa  1 1 age  sem  icomiuctor  chips  arc  sometimes  pi'emounted  on 
gold  plated,  molybdenum  chips,  called  molytahs,  prior  to  heini; 
installed  into  the  hybrid.  In  such  cases,  the  si.-.e  of  the 
mol  y tab  iletcrmincs  the  mounting  requirements. 

On  a rectangular  shaped  substrate,  it  is  definitely  jireferred 
that  all  components  be  aligneil  )-)arallel  to  the  substrate  edges. 

(A  unitpie  exception  is  pointed  out  at  (lA  of  figure  ■? . (> . 1 1. 

for  round  v)  r odd-shaped  substi'ates,  the  manu  fac  t u r i ng  group  should 
determine  the  best  component  or  i luita  t i on  . 

This  sect  ion  ileliiu’ates  the  desig.n  considerat  ions  aiul  d i men  i ona  1 
gi-oundrules  for  mounting  the  various  types  of  components  commonlv 
usc'd  in  hybriil  microcircuits. 
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7 . (i . 1 Semiconductor  Mounting 


For  all  semiconductor  chips  a mounting  pad  10  mils  (0.254  mm) 
larger  (all  around]  than  the  maximum  size  of  the  chip  is  recom- 
mended. Where  eutectic  attachment  is  intended,  a sma 1 1 e r- s i zed 
mounting  pad  could  suffice;  but  it  is  a better  design  jiractice 
to  allow  for  the  possibility  that  an  alternative  method  may  need 
to  be  substituted.  For  instance,  if  during  assembly  tbe  eutectic 
equipment  becomes  inoperative,  solder  attach  might  be  substituted. 
Another  reason  for  the  larger  size  is  that  if  a eutectically 
attached  chip  needs  to  be  replaced,  it  is  not  uncommon  that  the 
new  chip  be  attached  with  solder  or  epoxy.  The  minimum  size 
mounting  pad  is  5 mils  iO.127  mm]  larger  fall  around]  than  the 
maximum  chip  dimensions. 

The  space  between  a chip  mounting  pad  and  an  adjacent  conductor 
must  be  sufficient  to  prohibit  the  chip  bonding,  material  fro'M 
sliorting.  to  the  adjacent  comiuctor.  Since  eutectic  attach 
recpiires  no  additional  bonding  material,  the  staiulanl  conductor 
spacing  can  be  maintained  between  a mounting  pad  and  an\' 
adjacent  conductor  when  eutectic  attach  is  used.  Where  solder 
or  epoxy  is  being  used  or  planned  as  a rework,  a 12.5  mils 
(0.517  mm)  space  is  preferred.  bow- v i scos i t y epoxies  reipi  i re 
ailditional  space,  and  tbe  manufacturing  group  sliould  be  con 
suited.  I he  minimum  space  should  be  10  mils  (('.  254  mini. 

Kliere  solder  or  epoxy  is  to  be  useil  for  attaching  two  chips  on  the 
same  mounting  pad,  10  mils  is  preferred  between  tiie  adjacent  cbiiws. 
5 m i 1 s is  m i n i mum . 

A eutectically  attached  semiconductor  chip  ( 1 (M'  mils  b\-  100  mils 
or  smaller)  should  have  .50  mils  clearance  between  it  and  any  other 
sem  icondiictor  chip.  I'his  large  clearance  is  to  allow  for  the  size 


7 . t) . I (Cont.)  Semiconductor  Mounting 

of  the  attachment  tool  and  for  the  oscillating  mov'ement  of  tlie 
tool.  Larger  chips  mav  require  additional  tool  clearance.  Also, 
another  type  of  component  having  a greater  height  than  a semi- 
conductor might  need  to  be  located  farther  away.  The  manufactur- 
ing group  sl\ould  be  consulted  to  determine  the  clearance  re(|uired 
for  the  particular  tool  being  used. 

NOTL;  The  clearance  mentioned  above  refers  to  the  proximit\' 
of  components;  not  to  conductors  or  resistors  on  the 
surface  of  the  sul>strate. 

Table  7.5. 1-1  lists  the  previously  mentioned  groundrules  for 
semiconductor  mounting.  figure  7.5.  1-1  shows  examples  of  the 
groundrules  listed  in  fable  7.5.  1-1. 

Where  botli  multilayer  interconnections  and  high-wattage  semi 
conductors  arc  ret)uircd  on  the  same  sulistrate,  the  chip  mounting 
pad  can  be  directly  on  the  surface  of  the  substrate  aiul  can  lie 
exposed  through  a window  opening  in  tlie  dielectric  layers.  If  a 
chip  is  to  be  mounted  inside  such  a window  opening  by  either 
solder  or  epoxy-attach  (although  epoxy  is  not  a goml  heat  trans- 
fer material),  the  space  between  cliip  and  window  edge  should  be 
1 .s  mils  (D.3H1  mm)  all  around.  The  minimum  is  10  mils  (O.J.'il  mm). 
Where  a eutectic  attach  tool  is  to  be  used,  the  previously  men 
tinned  oO  mils  (0.752  mm)  clearance  is  needed.  ligure  ~.5.l  2 
is  a sketch  of  such  a con f i gu ra t i on . 
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Table  . 6 . 1 - 1 SF.MICON'IHJCTOR  MOUNTINC:  D 1M1:.\'S  IONS 


MINIMI 

PREFERRED 

SEE 

MOUNTING  CONFIGURATION 

mils 

mm 

mils 

mm 

FIGURE 

Mounting  Pad  Dimension 

5 

0.127 

10 

0.254 

7.6. 1 - 1 

o 

(All  around  chip) 

Space  between  Mounting  Pad 
and  Adjacent  Conductor: 

I 

F.utectic-Attach 

Li 

Li 

7.6.  1 ■ 1 

Solder/Epoxy-Attach 

10 

0.254 

12.5 

0.317 

Space  between  Semiconductors: 

© 

Solder/Epoxy-Attach 

5 

0.127 

10 

IBI 

7. 6. 1-1 

Eutect ic -Attach 

46 

30 

HQ 

7 .6. 1 - 1 

Space  between  Semiconductor 
and  Other  Component 

■ 

© 

Solder/Epoxy-Attach 

10 

0.254 

0.508 

7.6. 1-1 

Eutect ic -Attach 

H 

“.6.1-1 

© 

Space  between  Semiconductor 
and  Dielectric  Window  Edge: 

1 

Solder/Epoxy-Attach 

10 

0.254 

15 

0.381 

“.6.1-2 

Eutect ic-Attach 

Lf> 

30 

0.761 

When  chip  is  premounted  on  a molytab,  the  dimensions  shown 
apply  all  around  molytab. 

Wherever  possible,  allowance  should  be  made  for  solder/epoxy 
subst itut ion . 

Use  standard  line  to  line  spacing  to  suite  fabrication 
(either  thin  film,  thick  film  or  multilayer). 

Low  viscosity  epoxy  may  require  additional  space. 

^"'for  chin  size  up  to  100  x 100  mils  (2..S4  mm).  F-or  larger 
chips  consult  manufacturing  groun. 

^''Consult  manufacturing  group. 

Space  determined  by  height  of  other  comnonent  and  sh.ipe 
of  eu t ec t i c - a 1 1 ach  tool. 
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© © 


~~T-^ 

r 

\ 

' B E 

J 

-© 

A1 1 Around 

Kut  or  I i r 
At  t .K-h 


Kutoct  ic 
At  t acli 


7.0.1  (Cont.)  Semiconductor  Mounting 

Semiconductor  chips  can  not  only  be  mounted  on  the  substrate  but 
also  on  the  surface  of  the  package  base.  The  clearances  required 
are  unique  for  any  individual  case.  The  clearances  required 
depend  on  the  dimensions  of  the  package,  the  substrate  and  the 
attach  tool . 

Figure  7.6.1-3  indicates  the  dimensions  to  be  considered. 


Package 
Wail  . I 

^ - — 1 


Solder  or  epoxy-attach  requires  clearance 
lor  corner  radius  only.  Eutectic-attach 
requires  clearance  for  attach-tool. 

♦-Any  attach  technique  requires  clearance 
for  wire  bonding  tool.  Elite tic-at Lac. ii 
also  requires  clearance  for  attach-tool. 


Platform-style  packages  have  no  wall. 


Figure  7 . 6 . 1 -3 


SF.Ml CONDUCTOR  MOUNTED  ON  DACKACE  BASF: 
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7,6.1  (Cont.)  Semiconductor  Mounting 

If  eutectic  attachment  is  intended,  the  mounting  of  semiconductor 
chips  on  top  of  multiple  layers  imposes  unique  constraints  on  the 
substrate  configuration.  The  flatness  of  the  mounting  pad  is  the 
crucial  factor.  Eutectic-attach  requires  a flat  surface.  An  un- 
even mounting  pad  surface  will  provide  only  three-point  contact  to 
the  bottom  surface  of  the  semiconductor  chip. 

Where  solder  or  epoxy  attach  is  intended,  the  bonding  material 
can  be  expected  to  flow  over  any  waviness.  Even  the  protrusion 
of  an  inter layer -via  can  be  tolerated. 

Depending  upon  the  expertise  (or  luck)  of  tlie  manufacturing  group, 
flatness  sufficient  for  eutectic  attach  may  be  maintained  on  tlie 
top  surface  of  the  multilayer  build-up  if  all  layers  below  tlic  chip 
mounting  pad  are  continuous  planes  or  if  conductor  tracks  below  are 
separated  from  the  mounting  pad  by  several  continuous  layers, 

in  any  multilayer  configuration,  the  manufacturing  group  should 
specify  the  chip  mounting  constraints. 

figure  7.6. 1-4  shows  examples  of  various  configurations  of 
semiconductor  mounting  on  top  of  multiple  layers. 
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Mounting 
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Ail  layers  below  mounting 
pad  are  continuous  planes 


Semiconductor 

Chip 


Several  continuous  planes  separate 
conductor  tracks  from  mounting  pad 


I 


1 


Mounting  Pad 
( wavlness  exagerated  ) 


1 


M.iximum  wavlness  on  first  layer 
above  conductor  tracks 


Vias  under 


mounting  pad  Solder  or  I'.pow 


Solder  or  epoxy  can  hi'  accompl  i.s-lied 
on  uneven  surface 
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7.6.1  (Cont . ) Semiconductor  Mounting 

The  mounting  of  a semiconductor  chip  adjacent  to  an  integral 
res  istor  has  different  constraints  if  the  substrate  is  thin  or 
thick  film.  Thick  film  resistors  overlap  onto  the  toji  of  the 
conductors.  Thin  film  resistors  do  not . Even  though  in  thin 
film  pattern  plating  the  resistor  artwork  overlaps  the  conductor, 
on  the  actual  part  there  is  n^  overlap.  (The  overlap  in  the 
artwork  is  to  insure  that  the  protection- from-acid  extends  over 
the  edge  of  the  conductor). 

On  any  thin  film  substrate,  a semiconductor  may  be  mounted  close 
to  the  edge  of  the  res istor/conducter  interface.  On  thick  film 
substrates  the  resistor  overlap  prohibits  this. 
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7.b.l  (Cont.)  Semiconductor  Mounting 

The  mounting  pad  for  an  T.C.  chip  should  be  electrically 
connected  to  the  appropriate  voltage.  The  appropriate  voltage  is 
usually  the  most  negative  voltage  used  for  the  chip  function. 

(For  many  I.C.  chips,  GND  is  the  most  negative  voltage  used.) 

The  mounting  pad  for  an  MOS  type  I.C.  chip  may  require  negative 
or  positive  voltage  depending  on  the  chip  specifications. 

For  a transistor  chip  the  bottom  surface  of  the  chip  is  the 
collector  terminal.  The  base  and  emitter  terminals  are  in  the 
metalization  on  the  top  surface  of  the  chip. 

For  diode  chips  the  bottom  surface  of  the  chip  is  the  cathode 
terminal.  The  anode  is  in  the  metalization  on  the  top  surface. 


7.6.2  Ceramic  Chip  (Capacitor  or  Resistor")  Mounting 

The  most  common  type  of  capacitor  used  in  hybrids  is  the  ceramic 
chip  capacitor.  It  is  shaped  like  a miniature  brick,  and  eacli 
end  is  metalized  to  form  terminals.  Tn  addition  to  being 
electrical  connection  points,  these  metalized  end  - term i na 1 s are 
used  to  attach  the  capacitor  to  the  hybrid  substrate. 

f'hc  substrate  conductor  tracks  are  shaped  to  provide  mounting  pails 
! siifticient  size  to  accommodate  the  capacitor  end  - 1 erm  i na  1 s and 
IJer  or  conductive  epoxy  used  for  attachment.  ihe  design 
ubstratc  mounting  pads  must  provide  for  the  maximum  and 
' 'leranccs  of  the  capacitor  end - 1 erm i na 1 s . 


~ J ((  nt.)  rci'amic  Cli  i p U'ap;u'itor  or  Rosistori  ^1()llll  t iiir.  ) 

Kosistor^;,  in  addition  to  ho  i ipi;  i'a  li  i- i o a t od  as  Cilms  on  t ho 
'^urlaoc'  oh  tho  sulistrato,  a ro  ofton  installod  as  oomponon  t s . 

One  t >'|)o  oh  oomporu'n  t rosistor  is  a oc’i'ainio  chip;  sliapod  idml  i 
1.01  1 to  tho  provioosly  dosorihod  capacitoi’  ohi|K  I iyin'o  1 

dopiots  a ooramio  ohip  moiintod  on  a hyhrid  suhstrato. 


Shaded  Area  is 


Terra! nal 


1,  Is  minimum  distance  between  terminals  and  is  equal  ti' 
tile  minimum  component  lenKth  minus  two  times  tlie  max.  terminal 
lenrt  It . 

Avoid  conductor  under  component.  It  bonding  material  shorts 
acros.s,  the  short  cannot  be  seen  under  the  component. 

Mote:  Two  nunibers  arc  shown  for  e.ieh  d imctision . Tin'  l.iroer 
is  preterred;  the  smaller  is  the  minimum. 
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When  a lari^e  ceramic-chip  component  ( 200  mils  (a.dS  mi;]’)  lonp,  or 
treater)  is  so  1 der  - a 1 1 a c lied  at  its  terminals,  the  solder  lorms  a 
riv;id  Joint.  The  jios  s i h i 1 i t y exists  that  stress  causi.'d  In’  the 
dil't'erences  in  expansion  coel'l'icients  between  the  siibsti’ate  and 
the  chip  may  break  the  rigid  solder  joint.  I'igure  7 . (» . 2 - 2 shows 
some  precautions  that  have  been  used  in  these  circumstances. 

Conductive  epoxy,  used  as  the  attachment  at  the  terminals,  dm's 
not  I’orm  a rigid  Joint  and  can  flex  enough  to  absorb  the  diller 
ences  in  expansion. 


Rigici  SoldiT  Joint 


an  ultrasonic  or  T.C.  wire  bond  can  be 
made.  If  not  suitable,  then  the  wires 
must  be  soldered  In  place. 


MTtCIIMIAI  nr  | tgci;  ci  inMIC  i'mupoy|\^ 
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7.6.3  Miscellaneous  Component  Mounting 


Component  - res  i stors  can  be  purchased  as  thin  flat  chips.  1 lie 
chip  material  is  typically  ceramic  or  silicon.  One  or  several 
resistors  are  on  the  top  surface.  The  bottom  surface  of  such  a 
chip  can  be  metalized  to  permit  the  chip  to  be  so  1 de r - at t ached 
to  a substrate  mounting  pad.  When  the  bottom  is  metalized,  this 
metal  is  only  for  mounting;  it  is  not  an  electrical  terminal. 

The  substrate  mounting-pad  dimensions  are  the  same  as  those 
described  for  semiconductor  mounting-pads. 

Almost  any  component  can  be  mounted  on  a substrate.  fhe  compon- 
ent size  and  weight  are  the  primary  limiting  factors. 

The  space  between  components  should  accommodate  location  toler- 
ances and  the  flow  of  the  component  bonding  material.  1 .S  mils 
(0.281  mm)  is  usually  sufficient. 

Small  substrate  assemblies  are  often  mounted  on  largei’  ones. 

Epoxy  or  solder  is  usually  the  method  of  attachment.  fhe  smaller 
assemblies  are  typically  pretested  prior  to  being  installed. 

Reminder;  The  maximum  height  of  any  component  or  subassemhl)' 
must  remain  below  tlie  cover  of  the  package. 

Several  miscellaneous  component  configurations  are  noteuoithx. 
figures  7.0.3  1 ami  -2  illustrate  plan  and  elevation  \ ieus  of  1 l\e 
most  common. 


Lead  Bondinj,' 


Transistor  in  JEDLC  Can 
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7 . (1 . 4 lU-'am  Leaded  Component  Mounting 


Beam  leaded  semiconductor  chips  are  intended  to  be  mounted  lace 
down  and  the  leads  iC  bonded  to  the  sul^strate  mounting  pads.  llie 
beams  are  typically  gold,  3 mils  (0.0762  mm)  to  S mils  (0.127  mm) 
wide  and  0.5  mils  (0.0127  mm)  thick.  Power  dex'ices'  sometimes 
have  wider  beams.  The  pattern  of  mounting  pads  arc  designed  to 
match  the  location  of  the  beams. 

figure  7. 6. 4-1  shows  typical  configurations  of  diode  and  transis- 
tor chips  viewed  from  the  back  side  (i.e.,  looking  perpendicular 
to  the  substrate  surface). 


Orientation  Orientation 

Tab  X;,h 

Chip  Beam  Lead 

A - A 

niODE  . TRANS TSTOK  l STOR 

Standard  Widtli  Beams  Wide  Beams 

Tigure  7.6.4- 1 BliAM- LLADIin  moni;  ANH  TRANSISTOR  ClIIl'S 
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7 . t) . 4 (Cont.)  Beam  Leaded  Component  Mounting 

Note  that  the  beams  are  not  located  on  the  chip  center  lines. 

The  off-center  rotation  can  he  counter  clockwise  (as  shown)  or 
clockwise.  The  beam  lead  ident  i f ication  as  sliown  is  not  neces- 
sarily a universal  standard;  other  arrangements  may  he  used.  It 
is  necessary  to  check  the  individual  chip  manufacturer's 
specification  to  determine  chip  layout  and  beam  i dent i f i cat i ons . 


Figure  7. 6. 4-2  TYPICAL  BEAM-LEADED  INTECRATED  CIRCUIIS 

Note  that  also  in  integrated  circuits  the  beams  are  not  located 
on  the  chip  center  lines.  Both  clockwise  and  counterclock  beam 
rotation  and  numbering  are  shown. 

The  substrate  mounting  pads  shoultl  have  tiie  same  center  to  I'enter 
spacing  as  tlie  beams  but  not  necessarily  tiie  exact  width.  Mounting 
pads  5 mils  (0.127  mm)  wide  on  10  mil  (0.2.S4  mm)  centers  will 
suffice  for  most  chips.  However,  some  power  traii'^istors  have 
beams  as  wide  as  20  mils  (0.508  mm)  with  lengtlis  of  0 mils 
(0.220  mm ) . 


7 . () . I (Cont.)  Beam-I.eaded  Component  Mountin;' 


\ 
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5 mil  pads  on  10  mil  centers  is  standard  fabrication  criteria 
for  thin  film  substrates  but  these  dimensions  are  difficult 
with  thick  film.  for  thick  film,  this  narrow  width  should  be 
maintained  for  only  short  distances;  the  conductor  lines  should 
be  widened  as  close  to  the  mounting  pads  as  possible.  fli  i s 
enlargement  can  be  accomplished  using  a sunburst  pattern. 


figure  7.5.1-.^  TYIMCAL  BEAM  LEAD  MOUNTINC  PAHS  0\  THICK  M I,M 
SUBSTRATE 

Hue  to  the  thick  film  paste  spreading  when  it  is  si|uee::ecl  through 
the  screen,  the  actual  width  of  a thick  film  line  is  usual  Iv 
slightly  wider  than  the  line  in  the  screen  image.  The  artwork  is 
sometimes  compensated  to  take  this  spreading  into  account . Ihe 
manufacturing  group  should  lie  consulted  to  deteniiine  the  exact 
dimensions  for  tlie  artwork. 
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7 . () . 4 (Cont.  ) Beam  Leaded  component  Mount  inp. 

The  section  view  shown  in  Figure  7. 6. 4-4  shows  the  tyjMcal  conl'igu 
ration  of  a beam  leaded  chip  after  bonding;  and  depicts  the 
relationship  of  mounting  pads  to  chip  size. 


(0.0508  mm)  0.002 
(0.0762  mm)  0.003 


Bonded  Portion  of  Beam 


Mounting  Pad 


(Chip  Size) 


CHIP 


Substrate  ^ 

+0.004 

^ (0.102  mm) 


Figure  7. 6. 4-4  SliCTION  VIF.W  01-  BFAM-LFADED  GITI’  AF'fF.R  BON'DINC 


Aftei'  bonding,  tlie  body  of  the  chip  is  typical  Iv  raised  off  of  llie 
substrate  surface  as  shown.  (This  raising  of  tlie  chip  is  often 
referred  to  as  "bugging.") 


It  is  recommended  that  the  area  under  the  body  of  tiie  ciiiji  he  free 
of  conductor  tracks,  hut  because  of  the  liugging,  t li  i s is  not  a 
rigitl  rule.  Care  should  be  exercised  if  a track  is  to  he  routed 
in  this  area.  Referring  to  Figure  7 . b . 4 - .3 , i i‘  juad  number  1 were 
to  he  connected  to  some  pad  (other  than  2 or  lb)  by  a conductor 
track  across  the  open  area  in  the  center  of  the  pattern,  then  the 
clearance  between  that  interconnecting  track  and  pails  1 (>  and  1 
must  be  maintained.  The  same  caution  applies  to  anv  of  the  cornei’ 
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7.6.4  (Cont.)  Beam  Leaded  Component  Mounting 


One  mounting  pattern  coneept  is  noteworthy.  A sunburst  pattern 
can  sometimes  be  designed  to  accommodate  more  tlian  one  chin,  each 
having  a different  number  of  beams.  Ligure  ".6.4-5  dejiicts  a 
pattern  used  for  both  a 42  and  a 50  beam  chip. 


figure  7. 6. 4- 5 ONh  MOUNT  INC',  I’ATThRN  ITiR  BOTH  4 2 AMU  50  BfLAM  Cillf’S 

in  1-igure  7. 6. 4-5  the  50  beams  are  bonded  to  the  ends  of  the 
corner  pads.  Tlie  row  of  Itonds  on  tlie  otlier  pads  are  in  line  with 
the  bonds  on  the  corner  pads.  The  4 2 lieams  are  lionded  on  the 
inner  ends  of  tlie  42  mounting  pads.  This  concept  can  be  extended 
to  accommodate  54  beams,  26  beams,  and  18  beams. 


Since  the  diode  and  transistor  chips  have  only  one  beam  on  each 
side  none  of  the  beams  are  adjacent;  making  it  jmssible  to  widen 
eacli  mounting  pad.  However,  widening  of  the  thick  film  mounting 
pails  might  be  restiicted  by  bond  testing  procedures. 


by  one  of  two  methods.  One  test  method  places  no  restrictions  on 
the  mounting  pad  sices,  hut  the  other  method  restricts  the  sice 
of  thick  film  mounting  pads. 

The  most  commonly  used  bond  strength  test  is  a sampling  dest  luct  i v'e 
test.  The  test  consists  of  adhes  i V'c  - a 1 1 ach  i ng  a wire  or  hook  to 
the  back  side  of  the  installed  chip;  then  pulling  the  chip  away 
from  the  substrate  until  all  the  beams  break.  The  criterion  for 
acceptance  is  that  a certain  minimum  force  be  required  to  break 
the  beams.  This  testing  method  places  no  restrictions  on  the 
mounting  pad  sizes. 

Anottier  test  might  be  used  that  does  put  restrictions  on  the  sice 
of  thick  film  mounting  pads.  That  method  tests  the  bond  strength 
by  individually  pushing  the  bonded  portion  of  each  beam  using  a 
sharp  wedge.  This  test  requires  that  the  wedge  push  ag.iinst 
either  the  side  or  the  end  of  the  bond. 

On  thin  film  pads,  the  sides  of  the  bonded  portion  are  typical  Iv 
raised  above  the  surface  of  the  mounting  pad  making  the  sides 
accessible  for  the  push  test.  On  thick  film  substrates,  because 
the  pad  material  is  thick,  the  bonded  portion  ol  the  lieam  will 
become  completely  imbedded  into  the  pad  if  the  pad  is  s i gn i f i can t 1 v 
wider  than  the  beam.  Imbedded  beams  cannot  be  push  tested. 

To  avoid  imbedding  the  beams,  thick  film  mounting  jiads  should 
not  be  more  than  2 mils  fO.O.'jlhS  mm)  wider  than  the  beam.  The 
size  and  shape  of  the  push  tool  might  also  influence  the  mounting, 
pad  configuration  so  the  manufacturing  groun  should  be  consulted. 
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Beam  Leaded  Component  Mount inp 


Because  beam  leads  are  all  TC  bonded  to  tlie  substrate,  the  bonds 
are  more  reliable  on  thin  film  than  on  thick  film.  The  thin  film 
conductor  material  is  compact,  pure  gold;  whereas  thick  film 
conductors  are  porous  gold  mixed  with  glass  frit.  If  the  surface 
of  the  thick  film  mounting  pad  has  too  much  glass,  no  TC  bond  can 
be  made.  (Ultrasonic  bonding  can  break  througli  the  glass.) 

Excessive  glass  on  the  mounting  pads  is  more  prevalent  foi’  multi- 
layer than  single  layer  substrates.  There  are  two  reasons  for 
this  prevalence.  If  the  mounting  pads  arc  on  the  top  layer,  the 
glass  in  the  lower  dielectric  layer  tends  to  combine  with  the 
glass  in  the  conductor  paste  creating  an  excessive  amount  of  glass 
in  the  conductor.  If  the  mounting  pads  arc  in  an  area  dex'oid  of 
multiple  layers,  but  multiple  layers  arc  present  in  other  areas 
of  the  substrate,  then  the  additional  firing  cycles  required  for 
the  multiple  layers  tend  to  bring  the  glass  to  the  surface  of 
the  mounting  pad. 

Excess  glass  can  be  removed  by  gentle  abrasion,  but  this  intro- 
duces another  manufacturing  process  step.  The  manu f ac tu r i ng 
group  should  be  consulted  to  establish  the  constraints  for  beam 
lead  bonding  on  multilayer  thick  film  substrates. 
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Two  methods  are  commonly  used  to  install  interconnect i ng  wires 
within  hybrid  microcircuits.  These  two  methods  are  thermo- 
compression  bonding  (often  referred  to  as  "TC  bonding)  and 
ultrasonic  bonding  (often  called  "st i t ch -bond i ng" ) . 

TC  bonding  installs  each  end  of  an  uninsulated  gold  wire  in  tlie 
designated  place  by  applying  heat  and  vertical  pressure.  flic 
designated  place  on  a substrate  conductor  track  is  called  a 
bonding  pad.  Ultrasonic  bonding  installs  either  an  aluminum 
or  gold  vvire  by  scrubbing  the  ends  into  place  at  an  ultrasonic 
frequency.  (Ultrasonic  attachment  of  a gold  wire  requires  some 
application  of  heat  as  well,  but  not  as  much  as  TC  bonding 
requ  ires.) 

The  selection  of  either  method  involves  tradeoffs  concerning 
wire  cost,  material  compatibility,  electrical  conductivity, 
wire  strength,  and  availability  of  installation  equipment. 
(Section  6 . .1  briefly  describes  wire-bonding  processes  and 
equ i pment  . ) 

The  most  commonly  used  wire  diameter  is  1 mil  (O.Ol.'il  mm). 

I.argcr  diameters  can  be  used  as  required.  Eroduction  efficiency 
is  enhanced  when  all  bonded  wires  within  any  one  hybiid  are 
the  same  material  and  size.  But  where  electrical  or  other 
requirements  dictate  varying  sizes,  they  can  be  used.  It 
is  not  uncommon  that  aluminum  bonds  arc  used  at  all  points 
internal  to  the  substrate,  and  the  connections  from  the  sub- 
strate to  the  package  leads  are  made  with  gold  TG  bonds.  The 
rationale  for  tliis  combination  is  that  aluminum  wires  are  best 
on  the  aluminum  terminal  pads  of  the  semiconductors,  while  the 
higher  conductivity  of  the  gold  wires  improves  the  connections 
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WIRE-BONDING  GUIDELINES 


to  the  package.  Of  course,  the  lower  cost  of  aluminum  is  not 
to  be  ignored. 


Problems  have  occasionally  arisen  when  aluminum  and  gold  have  been 
bonded  together.  (The  name  "purple  plague"  has  been  given  to  one 
deleterious  substance  that  has  been  seen  to  form  in  the  joint.) 
Studies  have  shown  that  the  various  problems  occur  where  certain 
excessive  temperatures,  environmental  conditions,  and  impurities 
are  present.  These  conditions  are  not  difficult  to  avoid  in 
manufacturing  and  testing,  but  before  any  design  specifies  the 
two  metals  in  conjunction  it  should  be  ascertained  that  the 
processes  to  be  used  do  not  contribute  to  such  problems. 


The  following  text  explains  various  wire-bonding  constraints. 
The  circled  numbers  refer  to  configurations  of  bonded  wires 
shown  in  Figures  7.7-1  and  7.7-2.  These  constraints  apply  to 
both  TC  and  ultrasonic  bonding. 

(1_)  Since  the  wires  are  uninsulated,  no  two  wires  should  ever 
cross  each  other . 

No  wire  should  extend  across  the  bodv  of  the  chip. 

(?)  A wire  should  not  be  installed  from  a terminal  on  one 
semiconductor  directly  to  a terminal  on  another. 

An  intermediate  pad  on  the  substrate  should  be  provided. 
Because  the  semiconductor  terminals  are  usually  small, 
it  is  very  difficult  (and  often  impossible)  to  make  a 
second  bond  on  one  semiconductor  terminal.  Therefore, 
if  one  of  two  such  chips  ever  needed  to  be  replaced,  the 
second  chip  would  also  have  to  be  replaced  because  its 
terminal  could  not  be  bonded  again. 

(fO  Bonding  from  one  terminal  of  a semiconductor  chin  directly 
to  another  terminal  of  that  same  chip  is  to  be  avoided. 

An  intermediate  bonding  pad  should  be  provided  on  the 
substrate.  This  is  to  avoid  the  possibility  of  tiie  center 
portion  of  the  wire  sagging  down  and  shorting  to  metalliza- 
tion on  the  top  surface  of  the  chip. 
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‘ lilt'  rt'(|ii  i remcnt  s lor  l.ir.ut'r  w i ros  should  ho  spooilioil 
hv  tho  iiKi  nil  fao  t 111' i n p proiip. 
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Figure  7.7-2  ADDITIONAL  WIRE -BONDING  CONSTRAINTS  FOR  I MIL  WlRl 
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IVhere  possible,  bonding  pads  should  be  close  to  the  component 
from  which  the  wire  is  to  be  connected. 

Avoid  any  other  conductor  track  between  the  component  and 
the  bonding  pad. 

Wlien  (5)  cannot  be  achieved,  the  maximum  length  of  a 1 mil 
gold  or  aluminum  wire  shov.ld  be  100  mils  (2. SI  mm).  Tli  i s 
criterion  ignores  the  length  due  to  the  loop  of  tlie  wire. 

It  is  the  dimension  seen  when  viewing  the  substrate  in  tlie 
usual  plan  view,  (i.e.,  perpendicular  to  its  surfaccl. 

Wherever  possible,  the  conductor  track,  from  which  a wire 
will  be  bonded  to  a package  lead,  should  be  enlarged  to 
form  a bonding  pad  20  mils  x 20  mils  (.0..S08  mml  . Such  pads 
are  often  called  "exit  pads." 

For  improved  reliability,  two  redundant  wires  are  often 
installed  between  exit  pads  and  package  leads. 

An  I.C.  mounting  pad  should  be  connected  to  the  ajipropriate 
voltage  track.  The  corresponding  vo 1 tage - t e rm i na I on  top  of 
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tlic  chip  must  also  ho  wire  l'>oiulod  to  tlio  voltajio  track, 
rtii  s bond  on  the  voltatto  track  should  he  made  as  close 
as  possible  to  the  mount  iiij;  pad.  A tab  is  often  extended 
from  the  mounting  pad  to  ])rovidc  such  a close  lionding  pad 
The  reason  for  bonding  close  to  the  mounting  jiad  is  tliat 
difference  in  voltage  might  exist  between  two  widely  sej) 
arated  points  along  the  voltage  track.  .Such  a difference 
might  adversely  effect  the  chip  function. 

The  space  between  two  adjacent  bonds,  on  the  sul)strate, 
should  be  10  mils  (O.d.S-l  mm). 

fhc  preferred  widtli  of  a conductor  track  on  whicli  a bond 
is  to  be  made  is  10  mils  (0.2.S4  mm).  The  minimum  widtli 
is  .S  mils  (0.127  mm)  . 


U3) 


IVhere  space  permits,  the  conductor  track  should  be  enlarged 
(>0.010)  to  provide  easier  bonding. 

On  a thick  film  substrate,  the  overlap  area  of  an  integral 
resistor  and  conductor  cannot  be  used  for  wire  bonding. 

On  any  t h in  film  substrate  a bond  can  be  made  in  this  area. 
(In  thin  TTlm  pattern  plating,  the  a rtwork- over  1 ap  exists 
only  to  insure  protection  from  etching  acid.  No  overlap 
exists  on  the  finished  part). 


Wire  bonding  on  a thick  film  multilayer  substrate  has  an  addi 
tional  consideration,  that  is,  whether  or  not  a wire  bond  should 


be  made  directly  on  top  of  a via. 

Whenever  the  overflow-via  contact  method  is  used  (.See  Section 
. )) . 2 ) , it  is  to  be  expected  that  there  should  be  no  wire  bond 
directly  on  top  of  a via,  since  a depression  exists  at  that 
po  i nt  . 

In  some  design  groups  where  there  is  ;i  suspicion  that  some 
filled'Vias  may  be  slightly  recessed,  there  might  he  a constraint 
prohibiting  a wire  bond  directly  on  top  of  a filled- via.  When 
such  a constraint  is  imposed,  an  adjacent  bonding  pad  (10  mil  x 
1(1  mil  (0.2.SI  mm)  minimum)  must  be  provided.  ( igure  ".T-.x  is 
an  example. 
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.010  X .010  mininmin  bondinf:  nad 


Figure  7.7-5  W [ RK- BONDING  PADS  ADJAGIiNT  TO  I' I LTTD-V  I AS 

In  other  design  groups,  where  there  is  a higli  confidence  in  tlie 
flatness  of  filled-vias,  no  such  prohiliition  exists.  In  fact, 
one  substrate  configuration  is  noteworthy  in  wliich  all  bonds  are 
made  directly  on  top  of  filled-vias.  In  this  con f i gurat  i on  , the 
top  surface  of  the  multiple  layers  is  a continuous  dielectric  layer. 
The  only  conductors  on  the  top  surface  arc  tlie  chip  mounting  jiads 
and  the  filled-vias,  which  protrude  through  the  dielectric.  fach 
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of  the  filled-vias  is  a wire  bond  pad.  All  of  these  l)onding  pads 
are  located  either  around  the  perimeter  of  the  l.C.  cliips  or  at 
the  edge  of  the  substrate  forming  exit  pads. 

In  such  a configuration,  after  die  attach,  the  wire  bonding  pads 
are  the  only  visible  metallization  on  the  entire  substrate. 

Errors  in  wire  bonding  are  greatly  reduced.  Figure  7.7-4  shows 
this  configuration. 

7.7.1  Ultrasonic  Wire-Bonding  Constraints 

Ultrasonic  bonding  imposes  some  unique  design  requirements.  I'he 
unique  requirements  are  due  to  the  shape  of  the  tool,  the  direction 
of  tool  movement,  and  the  direction  from  which  the  tool  is  viewed 
by  the  assembly  operator. 

It  is  advantageous  to  the  assembly  operator  to  have  the  option  of 
bonding  in  either  sequence  (chip  bond  first,  substrate  bond  second; 
or  substrate  first,  chip  second).  Wherever  possible,  the  design 
should  permit  this  option.  The  necessary  clearances  siiould  be 
taken  into  account. 

Figure  7.7.  1-1  depicts  a typical  bonding  situation.  It  shows  the 
first  bond  on  the  chip,  the  second  on  a substrate  bonding  jiad.  It 
can  be  seen  tliat  since  the  operator's  1 i no  - o f - s i ght  cannot  be  at  an 
angle  greater  than  is  b0°,  it  is  unaccentable  to  have  any  obstruction 
that  would  require  a greater  angle  in  order  to  bo  seen  over.  If 
the  cliip  were  a high  component,  the  second  liond  could  not  be  so 


7.7.1  (Corit.1  Ultra.sonic  W i re  - Bond  i njj  (.^ons  t t ;i  i n t s 


clo.se.  I'or  example,  if  the  component  shown,  liavinu  heiijht  c, 
were  interchanged  with  tlie  cliip,  it  would  he  sucli  an  unaccopt  ah  1 1' 
oh St l uc  t i on . 

Note:  is  a conservative  angle.  l.argei'  angles  can  usual  !>•  lie 

accommodated.  The  manu  t'ac  tur  i ng  group  shoulil  specil)' 
the  maximum  allowable. 


On  the  hack  side  of  the  bonding  tool,  there  can  he  no  obstruction 
that  would  interfere  with  the  wire  coming  from  the  wire  spool 
on  the  hoi'der.  The  angle  of  the  wire  vai'ies  for  difft'rent 
bondin'  Is.  The  common  wire  angles  are:  and  (lO^^. 

Tlie  ' Figure  7.  ".1-2  provides  handy  reference  for  detei'- 

niin  accessary  clearances  for  these  common  angle's. 


Reminder:  The  first  bond  must  always  he  made  closest  to  the 

microscope,  the  second  bond  farthest  away.  The 
optional  sequence  mentioned  above  requires  the  sub 
strate  to  he  rotated  relative  to  the  microscope. 


Since  the  package  wall  is  higher  than  any  component,  consideration 
of  these  angles  is  pa  r t i cu  1 a i' 1 y important  for  wire  bonds  close  to 
the  package  wall. 


The  sine  and  shape  of  the  tool,  as  vieweil  from  the  ojierator's 
direction,  is  also  a variable.  Figure  ".7.1-.S  shows  some  t\'pical 
tool  dimensions  and  can  serve  as  a handy  reference  for  determining 
clearances  required,  as  viewed  from  the  microscope. 

When  performing  wire  bonding,  tlie  operator  must  alwavs  allow  for 
the  parallax  involved  in  Judging  the  surface  bond  jm  i n t while  the 
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'C  !'TNnfc.P:  Dimension  B (actual  component  location,  sec  I'Ik.  7. 7. 1-1)  is  .010 

Mteator  than  dimension  \ 
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Ultrasonic  Wire  Bonding  Constraints 


tool  is  in  a raised  (search  level)  position.  When  bonding,  the 
operator's  view  is  always  in  line  with  the  direction  of  the  tool 
movement.  Therefore,  providing  a bonding  pad,  elongated  in  tlic 
direction  of  the  tool  movement,  makes  the  operator's  task  easier 


Acceptable,  but  enlarged  pads 
make  bonding  easier. 


Pads  elongated  in  the  direction 
of  bonding  help  offset  the 
effect  of  parallax. 


riie  min  imum  distance  from  tlie  edge  of  a ciiip  to  the  liond  on 
tlie  substrate  should  be  20  mils  (0..S08  mm).  When  the  fiist 
bond  is  made  on  the  chip,  this  space  allows  for  the  wire  loop. 
When  the  first  bond  is  on  the  substrate,  this  space  allows  for 
clearance  of  the  back  side  of  the  tool. 


7.7.2 


Thermocompress  ion  IV  i rc  - Bond  i nt;  Constraints 


The  dilTorences  in  layout  desijjn  requirements  between  ultrasonic 
and  TC  bonding  are  determined  by  three  factors:  tlie  tool  sliape, 

the  direction  from  which  the  wire  is  fed  to  tlie  tip  of  the  tool, 
and  the  direction  of  tool  movement. 

fhe  typical  TC  bonding  tool  is  shaped  in  a TO^cone,  witli  a flat 
bottom  7 mils  (0.190  mm)  in  diameter.  The  1 mil  (0.02S4  mm) 
diameter  wire  is  fed  to  the  flat  bottom  tip  through  a vertical 
hole  directly  down  the  center  line  of  the  cone.  The  tool  is 
movable  in  any  direction. 

The  only  clearance  required  when  making  the  first  bond  is  that 
sufficient  for  the  ,30°cone.  If  the  second  bond  is  close  to  the 
edge  of  the  same  component,  then  12.5  mils  (0.317  mm)  minimum 
allowance  should  be  made  for  the  curvature  of  tlie  wire.  (See 
Figure  7. 7. 2-1.)  Figure  1 .1 .2-2  can  be  used  as  a handy 
reference  for  the  clearance  required  for  the  30^’cone. 
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The  resistance  value  of  an  integral  film  resistor  is  tlependent  on 
three  factors:  the  resistor  cross-section,  its  lengtli,  and  the 

resistivity  of  its  material. 

The  resistivity  of  the  material  is  rated  in  ohms -per- square . 

This  means  that  the  resistance  of  every  square-shaped  area 
of  the  material  will  have  the  rated  value.  The  size  of  the 
square  is  of  no  consequence  in  determining  the  resistance. 

(10  mils  .X  10  mils  (0.254  mm)  or  50  mils  by  50  mils  (1.27  mm) 
configurations  will  have  equal  resistance.) 

The  total  cross-section  (width  and  thickness)  actually  affects 
the  resistance;  hut  the  thickness  is  assumed  to  always  he  constant 
and  therefore  is  not  considered  in  the  calculations.  Only  the 
width  is  used  in  the  calculations.  The  variations  due  to  fluctu- 
ations in  thickness  are  lumped  together  with  other  variables  into 
the  resistivity  tolerance.  The  manufacturing  group  should  specify 
this  tolerance  as  a percentage  of  the  resistivity  rating. 

The  length  of  the  resistor  is  defined  as  the  dist.ince  between  its 
two  end  terminals  (conductor  pads).  Later  text  will  explain  the 
allowances  to  be  made  for  bends  or  curves  in  the  resistor  shape. 

The  total  resistor  can  be  conceived  as  many  s(]uares  accumul.ated 
in  series.  The  width  and  the  length  of  the  resistor  must  be 
determined  such  tliat  the  length  will  add  up  to  the  number  of 
squares  needed  to  give  the  desired  resistance  value.  The  length 
will  be  less  than  one  scpiare  long  whenever  the  desirevl  value  is 
less  than  the  value  of  one  scpiare.  lugure  ".S-l  graphicallv 
depicts  this  concept. 
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EXAMPLE  A 

One  Square  = Resistivity  / D ) 

Total  Value  = 6 X Resistivity 


EXAMPLE  B 

One  Square  = Resistivity  (-^  O ) 
Total  Value  = Va  Resistivity 
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Due  to  manufacturing  and  material  vuirialiles,  it  is  almost 
impossible  to  consistently  acliieve  the  exact  value  of  resistivity. 
Tlicrcfore,  compensation  must  be  made  for  all  the  predictable 
tolerances.  This  compensation  is  made  in  two  parts. 

The  resistor  is  intentionally  designed  to  a lower  value  than  called 
lor  on  the  schematic.  fhe  length  and  width  dimensions  are  calcu- 
lated to  ensure  that  even  if  the  ma.ximum  increase  due  to  tolerance 
docs  occur,  the  value  will  still  he  1 cs s than  or  ecpia  1 to  the 
desired  final  value.  After  the  substrate  is  completely  fabricated, 
the  resistance  is  raised  to  the  final  value  by  cutting  the  resistor 
width  to  a lesser  dimension  which,  in  effect,  increases  the 
n umb e r of  s q u ;u* e s . 

This  cutting  of  the  resistor  width  is  called  "trimming.”  The  value 
of  the  resistor  is  continuously  monitored  while  the  trimming 
process  is  being  performed.  The  trimming  is  shut  off  when  the 
desired  value  is  reached. 

The  processing  tolerances  may  he  either  plus  or  minus;  therefc're, 
the  design  of  the  resistor  must  also  provide  the  capability  of 
compensating  for  the  maximum  tolerance  decrease . laler  text  will 
further  discuss  this  trimming  capability. 

If  the  resistor  value  shown  on  the  schematic  has  a large  tolerance, 
there  may  be  no  need  for  the  design  to  allow  lor  trimming.  ihin 
film  resistors  can  sometimes  be  fabricated  to  within  -10",  toU'raiue 
without  trimming.  Thick  film  resistors  can  sometimes  be  labiicated 
to  within  1201  tolerance.  fhe  manu fac tur i ng  group  should  be  con 
suited  in  such  cases. 
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The  rorcgoinj;  desctiption  of  resistor  design  principles  applies  to 
any  resistor  design.  When  designing  a particular  resistor  an  iin 
porfant  requirement  is  that  the  minimum  allowable  size  for  that 
particular  resistor  he  established.  Since  sjiace  is  usually  at  a 
premium,  it  is  desirable  to  make  the  area  (length  and  width)  of  the 
resistor  as  small  as  possible.  However,  one  of  two  factors 
dictates  the  minimum  allowable  size  of  a particular  resistor': 
the  limitations  of  the  manufacturing  capability,  or  the  thermal 
requirement  that  the  resistor  be  of  sufficient  size  to  dissiinite 
the  heat  generated  when  the  resistor  is  functioning.  The  laigei- 
of  the  two  has  priority. 


Manufacturing  capabilrties  are  called  out  in  failles  7.S.1-1  and 
7. 5. 2-1. 

The  minimum  size  allowable  for  adequate  wattage  dissifration  must 
be  calculated.  The  procedure  is  as  follows: 


1)  The  maximum  allowable  wattage  density  must  he 

established  fi.e.,  the  maximum  watt;ige  per  scrurire 
inch).  -SO  )V/in“  has  often  been  itsed  as  a consei' 
vative  rule-of-thumb  for  the  allowalile  wattage 
density  on  alumina  ('Al-)0-^)  sultst  r;rtes . On 
beryl  lia  (ReO)  substrates,  2!i0  IV/in-  has  lieen 

■> 

used.  (n  metric  units,  these  are:  0.077  tV/mm" 

and  O..A8'^  W/mm*",  respectively. 


’i  The  actual  resistor  wattage  must  be  divideil  I'y 
the  allowable  wattage  density  in  order  to 
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determine  the  minimum  area  (siuiare  inelu"^l 

Uiont.) 

that  the  resistor  must  provide  in  order  to 
dissipate  the  iieat.  F’or  examj^le:  If  a one- 

quarter  watt  resistor  is  to  he  intei^ral  witli 
a substrate  that  can  accept  5U  watts  per 
square  inch,  tlien  the  area  of  1lie  resistor 
must  be  at  least  0.0 05  in"  mm"). 

7>)  Knowing  the  minimum  area,  the  allowable  minimum  width 
can  be  calculated  using  the  following  equation: 

Minimum  Width  = 

in  which  ''Minimum  Resistivity"  is  the  nominal  resis 
tivitv  minus  the  resistivity  tolerance. 


(Minimum  Res  i s t i v i t y ) ( 'I  i n imum  Area) 


( I-  i na  I \’a  I ue  ) 


4)  The  minimum  length  can  be  calculated  as  follows: 

Minimum  Area 

Minimum  Length  = 

Minimum  Width 


The  derivation  of  the  minimum  width  equation  is  shown  at  the  end  of 
this  section  (7.8). 

If  the  width  needed  for  wattage  is  less  tlian  tlie  trimming  recom- 
mendation, then  the  larger  width  is  used  and  tlie  length  will  be 
increased  to  retain  the  same  ratio  to  the  new  wiilth  a existed  in 
the  above  calculation.  Increasing  these  two  dimensions  will,  i' f 
course,  increase  the  area  to  greater  than  the  minimum.  This  is 
not  only  acceptable;  it  is  desirable. 
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I.imits  established  by  MlL-STn-88o  prohibit  an\'  resistor  widtli 
from  being  trimmed  to  less  than  1 mil  (0.02S4  mml  for  thin  film, 
and  5 mils  (0.127  min')  for  tliick  film.  For  good  yields  in  pro- 
duction quantities,  more  conservative  figures  are  recommended: 

5 mils  and  10  mils  (0.2841,  respectively.  The  calculation  of 
the  dimensions  for  trimming  allowance  will  be  discussed  later. 
Thick  and  thin  film  resistors  will  be  discussed  separately. 

Ihe  minimum  width  and  length  dimensions,  calculated  by  tlie 
methods  shown,  assume  a straight  rectangular  sliape  for  the 
resistor.  When  the  available  space  prohibits  the  resistor  shape 
from  being  one  straight  bar  (as  shown  in  Figure  7.8-11,  the  ba r 
can  be  folded  back  upon  itself  as  many  times  as  necessary.  .Such 
a shape  is  commonly  referred  to  as  "serpentine.”  When  tlie  shape 
becomes  serpentine  the  previously  calculated  minimum  width  is 
still  applicable  but  the  length  is  not. 

In  a serpentine  resistor,  special  consideration  must  be  given  to 
each  corner  (90°  bend].  The  value  of  the  resislance  at  each 
corner  element  has  been  empirically  established  as  being  approxi- 
mately equivalent  to  of  a square.  This  square"  is  the 
commonly  accepted  value  to  be  assigned  to  each  corner  element. 
(See  Figure  7.8-2.) 
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= 31  X resistivity 


Figure  7.8-2  SFRPFNT  1 Nli  RliSISTOR 

When  high  currents  are  rcquii-cd  tlirougli  tlie  resistor,  each  sliarp 
corner  in  a serpentine  shape  is  a point  that  might  experience 
high  current  density.  If  excessive  current  density  is  anticipated 
the  configuration  shown  in  I'igure  ".83  can  he  utilised. 
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Conductor  pads  eliminate 
resi.stor  corners 


1 


Total  number  of  squares  = 31 


Total  resistor  value 


31  X (value  of  eaclt  S(|uare) 
31  X (resistivity) 


IMgure  7.8-3 


SFRIMiN'll  N'F,  RFSISTOR  KITIIOUf  Slf\RI>  CORM  RS 


• Uoiit.)  I.M'l'CRM,  klSISTOR  niSICN 

Anot  luM'  j^riu' ra  1 i ;,i  t uin  a pp  1 i ca  1>  1 c to  all  ic's  i s 1 1' r-;  i ■'  lliat 
I.  oils  i dora  t i on  sluniUl  lu'  stixon  to  t ho  jios  s i li  i 1 i t v of  mask  mis 
alii^nmont.  Since  t lie  resistors  ami  conductors  are  del'ined  l>v 
sejiarate  masks,  misalignment  lietween  masks  is  aluavs  a |ioss  i I' i 1 i t \ 
laid  terminals  should  he  located  180°  from  each  other  (with  respect 
to  the  resistor  direction)  in  order  that  any  misiocation  of  t lu- 
res istor  mask  that  affects  the  length  of  one  end  of  the  resi--ti'r 
will  automatically  he  compensated  hy  the  opjiosite  effect  on  the 
other  end.  Another  way  of  expressing  this  guideline  is  that  the 
resistor  should  alwavs  have  an  odd  number  of  "legs." 


Each  liorizontai 
bar  Is  one  "leg." 
Odd  number  of  legs 
is  preferred 


a.  PREFERRED  TERMINAL 
ARRANGEMENT 

Anv  misalignment  between  the  two  masks 
that  shortens  one  end  of  the  resistor 
will  automatically  lengthen  the  other 
end  by  an  equal  .mount. 


I'Rffldtkldl  Rld.A  riOXSlll  1’  Of  RfSISfitR 
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Any  two  resistors  that  require  matehing  etui  raet  er  i st  i es  sliould  lie 
located  as  close  to  each  other  as  possible  so  tliat  tlie  tolerances 
of  each  will  be  approximately  etpia  1 . 

Any  group  of  resistors  that  is  to  he  electrically  connected  in  a 
closed  loop  cannot  be  fabricated  as  a closed  loop.  There  must  be 
a break  somewhere  in  the  loop  to  permit  each  resistor  value  to  be 
measured  and  trimmed.  During  the  wire-bonding  operations,  the 
break  can  be  closed  with  a bonded  wire. 


WRONG 

Closed  resistor  loop 
cannot  be  trimmed. 


RIGHT 

Fabricated  with  break  in  loop. 
Resistors  measured  .ind  trimmed. 
Loop  closed  with  bonded  wire. 


figure  7.8-5  Cl. OSfD- 1,001’  Rf.SISTi'lR  CROUf 
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In  summary,  the  procedure  for  the  design  of  integral  film 
resistors  is  as  follows: 

1)  The  resistivity  of  the  resistor  material  must  be 
established.  for  thin  film  resistors,  this  is 
specified  by  the  manufacturing  group.  For  thick 
film  resistors,  the  layout  designer  selects  the 
resistivity  from  a list  of  av^a liable  values. 

(More  discussion  of  guidelines  for  thick  and 
thin  film  resistors  will  follow.) 

2)  The  percentage  of  tolerance  on  resistivity  must  be 
specified  by  the  manufacturing  group. 

3)  The  minimum  size  for  fabrication  and  trimming 
must  be  established  by  the  manufacturing  group. 

4)  The  minimum  size  allowable  for  heat  dissipation 
must  be  calculated  from  the  acceptable  wattage 
density  figure. 

5)  The  shape  and  dimensions  of  the  resistor  arc  then 
determined,  which  will  give  the  desired  final 
value  while  meeting  the  following  criteria: 

a.  The  fabrication  limitations  have  not  been 
exceeded . 

b.  The  minimum  resistor  width  is  not  less  tlian 
the  minimum  acceptable  for  trimming  or  wattage 
di ss i pat  ion . 
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c.  The  final  resistor  si::e  (i.e.,  after  triinmin^l 
will  be  sufficient  to  dissipate  the  maximum 
wat  t age . 


d.  The  maximum  increase  due  to  tolerance  will 
not  raise  the  pre-trimmcd  value  beyond  tlie 
desired  final  value. 


e.  Sufficient  trimming  allowance  lias  been  made 
so  that  if  the  maximum  decrease  due  to 
tolerance  does  occur,  the  resistor  can  he 
trimmed  up  to  the  desired  final  value. 


The  foregoing  explanation  is  applicaliie  to  the  design  of  eitlier 
thick  or  tliin  film  resistors.  The  decision  to  use  one  or  tlie 
other  must,  of  course,  be  made  before  the  design  begins  and  is 
often  predicated  upon  the  differences  in  the  resistor  performance 
characteristics.  Thick  film  resistor  values  fluctuate  more  tlian 
thin  film  v'^alues.  Some  comparisons  arc  shown  below. 


Temperature  coefficients  of  resistance  fTCRl  for  thick  film 
resistors  arc  generally  from  50  to  250  ppm/'^C.  Some  liigh  resis- 
tivity pastes  have  TCRs  of  approximately  400  ]i[im/^\'.  Some  thick 
film  materials  have  negative  TCRs  in  the  low  tempeiature  range. 
Thin  film  TCRs  can  be  expected  to  be  between  5('  and  1 00  ppm/^\’. 
And  these  TCRs  arc  all  positive.  (A  2.7kil  resistor  liaving  a TCR 
of  50  ppm/°C  will  vary  0.1.55.T  i)cr  each  *^C  temperatuie  change.') 

After  being  subjected  to  150°C  for  1,000  hr,  thick  film  resistoi’ 
values  may  vary  from  0.5®  to  .5o.  i'hin  film  values  can  be 
expected  to  remain  within  0.01  to  0.1"  of  their  original  value. 
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1 

Ivhcther  for  thick  or  thin  fiiin,  it  is  recommended  tliat  all  the 
resistors  required  for  a particular  substrate  layout  be  designed 
before  beginning  the  layout. 

The  next  two  sections,  7.8.1  and  7.8.2,  will  show  examples  of 
thick  and  thin  film  resistor  designs  using  specific  values. 
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Derivation  of  Equation  for  I]^e_t  erm  n i ni;  Minimum  Res  i s t o r_  IV  i cl  t li . 
Since  the  same  current  flows  tlu'oujjh  the  entire  lengtli  of  tlie 
resistor,  the  risk  of  a hot-spot  occurs  in  tlie  nariowest  portion 
of  the  resistor.  "Hot-spot"  is  defined  as  any  incrementa]  area 
within  which  the  allowable  wattage  density  is  exceeded. 

In  order  to  specify  the  minimum  width  acceptable  to  provide 
adequate  wattage  dissipation,  an  algebraic  equation  must  be 
available  which  expresses  the  actual  wattage  density  within  the 
smallest  incremental  area;  and  that  wattage  density  must  be 
expressed  as  a function  of  the  width  of  that  incremental  area. 
Then,  by  setting  that  actual  wattage  density  equal  to  the 
allowable  wattage  density,  the  equation  could  be  solved  for 
the  width. 

Given:  An  incremental  square  area  within  the  narrowest  portion 

of  the  resistor,  having  a width  of  w,  and  an  allowable 
wattage  density  designated  APD. 


The  incremental  square  can  he  any  scpiare 
within  the  narrowest  part  of  the  resistor. 


7.S  CCont.]  rN'Tr.GRAI,  RFS I S TOR  DESTCN' 


Call  the  actual  wattage  dissipated  within  the  incremental  square 


D 


Call  the  wattage  density  of  the  incremental  square  PHn 


p j)  = 

Area  of  Incremental  Square 


a 


(T)^  R, 


C) 


where  T is  the  current  through  the  resistor,  and  Rq  is  the 
resistance  value  of  the  incremental  square. 

To  make  P^  maximum,  R ^ must  be  minimum.  (I  increases  as 
Rq  decreases.  But  with  respect  to  Pq  , I increases  as  the 
square,  whereas  R^  decreases  linearly.) 


Since  the  resistance  of  the  incremental  square  (Rn  ) is 
numerically  equal  to  the  minimum  resistivity  (abbreviate  as 
"Min  Rstv"  then  substituting  into  equation  (2)  gives; 

f’n  = (I)  ^ (Min  Rstv)  (10) 


( B ) 


9 

We  can  express  1“  in  terms  of  tlie  scliemat  ic  values: 


r r I ^ _ Total  Resistor  Wattage 
Resistor  Val ue 


( 1 ) 


Min  Rstv  is  the  rated  resistivity  minus  the  resistivity 
tolerance. 
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I'or  tlic  sake  of  brevity,  call  Total  Resistor  IVattage  ''Total 
Wattage".  Call  Resistor  Value  "Tinal  Value"  to  distinguish 
from  the  value  before  trimming. 


p = 

(Total  Wattagel 

(Min  R s t V ! ( 1 o 1 

* a 

final  Value 

!’!)□  = 

(Total  Wattage) 

(Min  Rstv) 

(Final  valuel 

(w)“ 

(h 

We  can  assure  that  PDq  will  not  exceed  the  al 
density  by  setting  POp,  equal  to  the  allowable 
abbreviate  as  "APD."  Thus,  equation  (yi. 

lowable  wattage 
wattage  density; 

API)  = 

(Total  Wa  1 1 a g e 1 

(Min  Rstv! 

( 

(final  Value) 

( w!  ^ 

{ ' 

Solving  for 

1 

(w)-  gives: 

(w)"  = 

(Total  Wattage) 

(Min  Rstv! 

(final  Value! 

(APIl) 

( O 

w = 

J (Total  Wattage! 

(^Min  Rstv! 

1 0 

M (final  Value)  (API))  ‘ • 

However,  Total  Wattage  is  ec|ual  to  the  Minimum  Area.  Therefore 
APIl 


Minimum  Width 


1 


(Min  Rstv) 
(final 


(Min  Area) 
VaUic'l 


( 1 


Hither  of  e(|uations  (R)  or  (1(1)  can  he  used  to  determine  the 
minimum  width. 


7.8.1  Thick  I'ilm  Rc.sistor  De.sign 


This  section  will  show,  by  specific  examples,  the  desii’ii  of  thii.k 
film  resistors  in  accordance  with  the  }>uidelines  described  in  the 
preceding  section. 

The  resistivity  of  the  thick  film  material  must  be  selected 
(usually  by  the  layout  designer)  to  suit  each  resistor.  Moie  than 
one  material  can  be  used  on  one  substrate.  However,  it  is  a 1 wa>'s 
a design  goat  to  minimize  the  variety  of  material  resistivities 
on  one  substrate.  Hach  resistivity  reciuires  a separate  mask  and 
must  be  separately  processed. 

The  commonly  used  resistivities  of  thick  film  material  are: 


10  a/u 
100  n/ri 
500  11/ u 
1 kfi/  n 


5 kn/“ 

10  kn/ □ 
100  kfi/  □ 
1 Mll/o 


The  usual  tolerance  on  thick  film  resistivity  can  lu'  expected  to 
be  between  20°  and  50o.  The  manufacturing  group  should  soec i f' 
the  actual  tolerance  to  be  applied  for  each  type  of  naste. 

The  following  is  an  example  of  resistor  designs  for  one  substrati'. 

•) 

Given  that  the  substrate  can  dissipate  5(i  lV/in“  (0.7”1  that 

the  resistivity  tolerance  is  to  be  *25",  and  that  the  circuit 
schematic  calls  for  the  following  resistor  values: 
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REF  . 

SCHEMATIC  (:AU.dUi;s  " ' ---  -| 

1)f;s  lu. 

VALllli  (U) 

Tni.T.RA.NCH  Ci) 

POUT.R  (V,'l 

R1 

2.7  k 

10 

0 . 2 .3 

R2,  3 

1 0 k 

.3 

0 . 0 .3 

IM 

47  k 

.3 

0.10 

R5 

2.7  k 

10 

0 . .30 

R(i 

1 k 

1 0 

0.10 

List  ini’  the  data  in  chart  form,  as  shown,  can  he  an  adv’antaee. 

As  tlie  design  proceeds,  additional  columns  can  he  added  to  the 
chart,  as  shown  in  Table  7. 8. 1-1.  The  total  resistor  design  data 
can  lie  presented  in  this  efficient,  graphic  manner.  The  toleianct. 
siiown  is  not  the  tolerance  that  must  he  compensated  by  trimming. 

It  is  the  accuracy  of  the  final  resistor  value.  Including  such 
information  in  the  chart  allows  the  chart  to  be  used  in  estab- 
lishing  tlie  parameters  for  the  trimming  accurac\-. 

The  selection  of  tlie  material  resistivity  is  made  liv  Judgment,  lor 
all  resistors  except  R4 , use  1 k fi/ld  . Using  1 k iV for  R4  wouKl 
require  a large  number  of  squares  causing  the  length  to  be  too 
long  ( l.OO  inch).  For  R4,  either  10  or  100  k S2/n  would  be 
acceptable.  Presume  an  arbitrarv  choice  of  the  10  k S2/o. 


The  minimum  area  of  each  resistor  can  next  be  added  to  the  chart  . 
Remember  that  this  is  the  minimum  area  I'eijuired  uIumi  the  resistor 
is  functioning  in  the  electrical  circuit.  Translated  into  t lu’ 
processing  sequences,  it  means  minimum  area  ''.after  trimming,." 


. 10 
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7.8.1  {Cont.J  Thick  Tilm  Re.sistor  Design 


MIN.  AREi 


Using  R4  as  a sample: 


0 . 1 0 W T 

= 0.00  2 in.  " 

50  W,  2 
' i n . “ 


nn.siG. 

. 2 

1 n 

•> 

( mm"  ) 

R1 

0.00  5 

(5.22b) 

R2,  5 

0.001 

(0.b45) 

R4 

0.002 

( I . 200) 

R5 

0.010 

(b.452) 

Rb 

0 .002 

( 1 . 290) 

Knowing  the  resistivity  tolerance  and  the  minimum  area  after 
trimming,  and  having  selected  the  resistivity,  tlie  minimum  dimen- 
sions allowable  after  maximum  trimming  can  be  determined. 


Minimum  Width  =' 


[Min.  Restv.)(Min.  Area' 
Final  Value 


Min.  Area 

Minimum  Length  = -'tvi-dth 


Using  R1  as  a sample: 

Minimum  Width  = = 0.0. -17.1  in.  (0.04/  mm) 

2700  Q. 

2 

Minimum  l.ength  = = 0.1.540  in  (.5.. 104  mm) 

0.057.5  in. 


This  information  should  be  added  to  the  resistor  data  chart  to 
serve  as  inspection  criteria. 
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If  the  width  is  reduced  to  less  tlian  the  calculated  minimum, 
because  of  trimming  or  any  other  reason,  then  the  potential 
for  a hot-spot  exists  and  the  reliability  of  the  part  is 
comp  romi sed . 


RTF. 

OKSIG. 

1 

MIN. 
i n . 

IVlDTli 

(mm) 

LF.NCTll  1 

in.  ( mm ) j 

R1 

1 

R2,  3 

0.0373  (0.947) 

1 

0.1340  (3.404)  1 

1 

L 

R4 

0.01 78 

(0.452) 

0.112  3 (2.8  5 2 ) 

R5 

0 . 0527 

(1.339) 

0.1897  f-1.8181 

R6 

0 . 0387 

(0.983) 

0.0517  (1.313) 

L For  R2,  3 the  minimum  width  calculated  to  be  0.0087  (,0.221  mm); 
the  length  0.1149  (2.918  mm).  Since  this  minimum  width  needed 
for  wattage  is  less  than  the  recommended  0.010  (0.254  mm)  mini- 
mum for  trimming,  the  larger  requirement  has  priority.  Increase 
the  minimum  width  to  0.01(1.  Since  the  previous  ratio  o(  length 
to  width  was  15.2  to  one,  this  ratio  must  remain  for  the  new 
length.  The  new  length  is  0.132. 

Using  the  25o  resistivity  tolerance,  the  design  value  (value  before 
trimming,  often  called  the  "as-fired"  value)  of  each  resistor  can 
be  calculated.  The  design  value  can  he  calculated  either  of  two 
ways  . 


I 
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One  way  is  such  that  the  total  value  after  maximum  tolerance 
increase  will  cqua 1 the  desired  schematic  value: 

(Design  Value]  + (Maximum  Tolerance  Increase)  = Schematic  \'alue 

(Design  Value)  + (Design  Value)  = Schematic  Value 

1.2  5 (Design  lvalue)  = Schematic  Value 

1 Schematic  Value 

Design  Value  = 

The  other  way  is  to  insure  that  the  total  value  after  maximum 
increase  will  be  less  than  the  desired  schematic  value.  This  is 
a rule-of-thumb  calculation;  it  subtracts  the  tolerance  directlv 
from  the  schematic  value. 

(Design  Value)  = (Schematic  Value)  - (Rstv.  Tol  erance ) ( Scliema - 

tic  Value) 

Design  Value  = (Schematic  Value)  - 25«  (Schematic  Value) 

Design  Value  = 0.75  (Schematic  Value) 

Ihe  second  method  applied  to  the  sample  resistors  gives: 
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7.8.1  ((lont.)  Thick  I'ilm  Resistor  Design 


RhF. 

DF.SIG. 

nnsiGN 

VALUF 

(fi) 

R1 

2.025  k 

R2,  3 

7.5  k 

R4 

35.25  k 

R5 

2.025  k 

R6 

0.75  k 

.Applying  a 25%  increase  to  any  of  the  values  shown  verifies  that 
even  with  the  increase,  the  as-fired  value  will  still  he  less  than 
the  desired  schematic  value. 

Sample:  2.025  kSl  + 25%  (2.025  kfi]  = 2.531  kT2 

Having  the  design  value  determined,  the  number  of  squares  before 
trimming  can  now  be  determined  for  each  resistor,  using  the 
nominal  value  of  resistivity. 


Des ign  Va lue 
Resistivity 


Number  of  squares  required  before  trimming. 


II-  ni  1 2.0  25  kn  -imr 

Using  R1  as  a sample:  = 2.025  squares 

1 kD/a 


Now  the  ratio  of  the  length  to  the  width  is  known  (the  number  oT 
squares  is  the  number  of  "widths");  and  since  tlie  lengtli  before 
trimming  is  the  same  length  already  calculated  for  minimum  length. 
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t lu-  V.  I'ol’ori.'  tri"'n  inv^  i : 


Ik-sir, n WiJtli 


MiiMh  

\ui!'.l'i'r  of  Squart's 


I'sini',  R1  a--  a ainji  1 e ; h'ultli  - -r*iyr,|  = U.lUiiM  (1.(>S1  mm  I 


\s-mimin!.’,  that  maximum  trimmiiiii  is  ruqu  i red , rlie  I'inal  pliysieal 
eon  r i I’ura  t i on  of  1\  1 eoiiltl  appear  as  follous: 


0.0662" 


Laser  trimming  cut , 
approx.  0.001"  wide 


Metric  Kg ui valent 

m. 

o.oo'i 
0.0373 
0.0662 
0.1340 


mm 

0.0254 

0.9474 

1.6815 

3.4036 


Notch  can  be  used 
to  indicate  minimum 
width  allowable.  If 
there  is  any  trimming 
beyond  notch,  the 
part  must  be  rejected 


It  i'  not  to  be  inferred  from  the  above  sketeli  that  the  trimminu 
eiit  aiul  dimensions  are  to  be  depieteil  on  the  lavoiit.  The  desipn 
lenpth  and  width  should  be  drawn  as  aeeuratelv  as  praetieal;  but 
the  exact  dimensions  will  appear  in  the  eliart. 

If  the  available  layout  space  permits,  the  tlesipn  lenyth  and 
widtli  can  be  increased  in  order  to  have  the  lavout  lines  lie  on 
a full  grid  or  half-grid  position.  j'lte  widtli  can  also  be  increased 
beyond  its  ratio  to  the  length.  This  would  mean  fewer  squares  and 
a lower  value  before  trimming,  but  the  minimum  allowable  width 


((l.U3'’?>  ) would  ho  imchangoti . Using  R1  as  an  o.\a)iip  1 o . a lengtii 
of  0.135  and  width  of  0.0675  wouUl  lie  on  lialf-g.rid  at  20  .x  so.ili'; 
those  oliangcs  would  cause  the  lengtli  to  be  exactly  two  squares 
long  instead  of  2.025.  This  would  be  perfectly  acceptable, 
because  this  lower  design  value  can  still  be  trimmed  up  to  the 
desired  final  value. 

.After  calculating  the  width  for  each  resistor,  the  cluirt  will  he 
as  shown  in  Table  7.8.  1-2. 

hxcept  for  R2,  3,  all  tlic  resistor  dimensions  were  dictated  by 
the  wattage  dissipation.  Because  R2,  3 were  adjusted  to  iargei- 
than-minimum  required  for  wattage,  a new  factor  shouhl  be 
considered  in  the  trimming  requirements.  The  previous  calculation 
lias  already  established  that  if  the  resistivity  is  minimum,  the 
ratio  of  length  to  width  is  13.2  after  trimming. 

Using  the  new  design  length  of  0.225  (as  explained  in  footnote! 
and  maintaining  the  previous  13.2  ratio  required  after  trimminy, 
gives  a new  w idth -a  f ter- tr  iinm  i ng  of  0.017  (0.132  mm).  This  tlimcui- 
sion  can  be  designated  as  a su f f i c i ent  trim  dimension.  The 
suf f ic i ent - trim-d imens ion  is  that  dimension  sufficient  to  accom- 
modate the  maximum  amount  of  trimming.  0.0087  (0.221  mm),  the 
previously  calculated  minimum  width  to  avoid  hot-spots  is  still 
app 1 i cab  1 e . 

It  is  recommended  that  some  cross-reference  symbol  be  put  in  the 
"Min.  Width"  column  of  the  chart,  and  a note  ap]iear  on  the  lavout 
explaining  that  0.0087  is  absolute  minimum  and  that  0 . 0 1 " is 
sufficient.  The  manufacturing  group  might  choose  to  ti'im  to  ('.Oil' 
in  which  case  trimming  would  not  he  re<|uired  along  the  full  lengtli. 


7-00 


Thiu'k  I'ilm  fU'si  stor  Dos  i tin 


. C)  j 

I 


^ ij,  "I 


- > □ I -it 

--  - 



c/:  ^ 

kr  ^ 

I ^ t ^ S 
= £-S  d =• 
■■3-r^ 

O C ^ I c ^- 


t^%  cz  I ' 

ig-:,  111  H 


u.  U 

2 7 ji 


C 

u 

rs  in 

,C  J3  •'J 

0 

f i 

*3  • 

*-> 

X.  - C 

r<  j 

•> 

0 '•« 

>. 

— 0 0 

j=: 

I/)  4-1  -C 

> 

3 ^ 

.—■ 

:s  0 oc 

'/I  c 

{/. 

x:  3 Cl 

•-* 

^ 0 '— 

•J. 

•3  ^- 

0 

V- 

if  C 3 

C 

0 

C 

E 

OC  0 3 

?3 

U 

•X. 

X 0 'y> 

0 0 

•3  0 > 

u •- 

*-•  • 

*3  Cl  oc 

0 JZ 

0)  1-. 

*-*  H - 

!/»  C!3 

3 m 

3 > 

M • 

3 • t - 

C 

'Xi 

U C 

0 

C 

— . 0 ^ 

C3  C 

rt  rj 

0 

Cl  *- 

c 

0 E 

ra  x: 

0 

3 0 

0 *-i  Cl 

E 

.-H  J- 

x:  •- 

•<H 

CT3 

4-1  V-  3 

*3 

> 3 

-C  3 

1 

x:  3 3* 

E 

^ 0 

U U-  i/) 

a u 

c 

JZ 

0 

'■too 

' 

U,  CO 

U-t 

4-1 

n: 

u u. 

c 

0 

0 "3  0 

0 

e 4-^ 

Cl  -C 

ra  c!j 

*3  E 

u 

i 

V)  C 3 

u 0 C 

0 Cl 

0 E 

JZ  JZ 

4-1  e Cl 

3 

4->  ^ 

X.  0 JZ 

X. 

• -I  0 4-1 

Cl  0 

1/5  0 

U-. 

!A 

0 u CO 

0 

— • 3 

V-  c 

3 c? 

c 

cr  u 

>.  E C 

0 

Cl  Cl 

— E .-H 

u X 

C v3 

4-1 

0 r- 

a. 

in  >s 

3-  C 

a:  V- 

C>  •?•  •— 

u 

c; 

x:  • n 

•-) 

T3  > 

c ?: 

X. 

c 

0 

J?  '</'• 

Cl 

3 

c 

V-  0 • e 

0 

0 m c E 

0:  — 

if  0 m 

>? 

X. 

. c in 

0 

0 c 

fO  c • ^ 

*-• 

" Cl 

0 

- fc* 

. 0 

0 

,:r  .- 

r-j  ^ 0 in 

Cl 

:c  *3 

Qi  *_»  ^ 

Kf'. 

'J 

*4 

J 

. S . 1 ((!ont.)  Tliick  I'ilm  lU'sistor  l)csi,i;n 

IVlu'u  |)  rog  rammab  1 o automatic  trimming  oquipmc'nt  is  being  usoil,  t bo 
ontiro  trimming  operation  is  so  fast  tliat  liaving  to  trim  or  not 
trim  a feu  iiuliviclual  resistors  is  of  almost  no  eonsequenee.  Ilou 
ever,  when  the  trimming  is  perl'ormcd  with  manual  1\'  operated 
equipment,  each  ojicration  ;idds  s i gn  i fi  c;i  nt  1 y to  the  manu  fact  u r i ng 
time.  Tliererorc,  when  maruuil  equipment  is  to  be  used,  t lie  more 
previse  method  of  computing  the  design  value  sliould  be  useil,  uliii,'b 
ijngbt  eliminate  the  need  to  trim  some  resistors.  In  the  discussje 
of  t li  i n film  resistor  design  (.Section  7.8.2)  the  more  precise 
method  uill  be  demons t rated . 

There  ai'e  several  noteworthy  resistor  con  f i gurat  i ons  known  as 
"top-hats.”  Pigure  7.8. 1-5  shows  some  examples. 


tss.ool"  — 

Laser  Trimming 


Abra.s  ive 
Trimming 


.010"  Min. 


Metric  I'.quivnlent 


0.025 
0.254 
0.  508 
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7.8.  1 (Cont  . ) 


Thick  lilin  Resistor  Design 


I 


The  ,uroph  indicates  tliat  tliis  particular  material  is  only 
0 M il/a  for  a resistor  length  of  40  mils.  And  that  the  rated 
value  of  10  M 9,/a  applies  only  for  resistor  lengths  of 
180  mils  or  1 onge  r . 


J 


• ' I li  i n I i I III  Ki'S  i t o r Dcs  iv  u 

I li  i .(.'I’lioii  hill  lU'iiioii  s t r;i  t e t lu'  iK'sii;ii  of  t li  i ii  f i I iii  ix's’isIm 

ill  .K'l' o rj  a lU' u i t li  t lu'  v;ii  i d (•  1 i IK' s shoun  in  Section  ~.s. 

^ thill  r i 1 III  lo'sistof  is  usual  1\-  dosieiied  to  liava.'  oiio  of  tuo 
il  ''lia[ics;  t'ithcf  a roc  t an  l’.u  1 a r liar  or  a <c'rpcnt  iiio 
■l'a|U'.  l ithor  of  those  may  have  a "trim  liar"  area  (I  iyuro 

. S . I ) . 


Sritl’I.NTINK  SIIAI’I.  wini 
TWO  TRIM  liARS 

l■  il’,llr^•  -..S.d  I r,\ \MI’I.1.S  Ol'  TVI’lt'AI  llll  \ I I l.'l  KI  SISTOR  SHM'l't 

it  i ■■  rocoiiiiiuMuled  tliat  t lie  resistors  ri'iin  i red  lor  a particular 
sill)'. t rate  larout  he  ilesiaiied  lu'fore  he.p  i iin  i nj;  t lu’  laxoiit. 


. S.J  ((’ont.)  Thin  I'ilm  lU'sistor  Dcsiun 


Ttie  resistivity  of  ;i  thin  film  resistor  is  t \p  i va  1 1 v ^ i t li  i n the 
ranye  from  25  U/q  to  1,000  il  la  depending  upon  tlie  voiii|H)sition 
and  thickness  of  tlie  material  used. 

The  most  commonly  used  material  is  nickel  chromium  (u*.;uall\' 
rel'erred  to  as  ”n  iclirome" ) . The  examples  shoun  in  this  st'ction 
will  presume  100  f2/o  (a  commonly  used  r es  i t i v i t \ a 1 ue  of 
n i c rhome ) . 

It  is  not  unusual  foi'  thin  film  resistors  to  lie  processed  t ii 
within  10'.’.  tolerance;  however,  the  example  herein  will  presume 
a conservative  T20"  resistivity  tolerance.  Thi'^  means  that  the 
resistivity  could  lie  in  the  range  from  KO  12/ci  to  120  i: 'a 

The  minimum  resistor  widths  must  lie  5 mils  (O.ld"  mm)  in  .anui'^ 
wliere  no  trimming  will  be  done;  12.5  mils  ( 0 . 5 1 mm)  in  trimming 


h'or  the  example,  assume  an  allowable  wattage  densitv  (Al'P)  o I’  25 

7 1 

W/ i n . “ (0.0.587  Iv'/mm”).  Assume  resistor  values  as  .^hown  belo\\; 


SClinMA'l'lC  CAhhOllTS 
RTF.  VALIIF.  'T01;.T  I’OWTR 
niisir, . (fii  (Watts) 


Thin  I'ilm  Resistor  I'esiitn 


^ . S . J ( Cion  t . ) 


Cialeulation  of  tlie  minimum  aeeeiitahle  area  jiroeeeds  a-'  follous 

Actual  IVattaue  ■ 

Allowable  Iv'a  1 1 a e ' DensitV  " I'”i'nuin  Area 


Us  i nit  1^1  as  a sample:  0.1  (MV 


25  W/in. 


.004  in."  ( 2 . 5S I mm" ) 


Til  is  means  tliat  R1  must  be  at  least  0.004  in."  after  maximum 
t r i mm i ng . 


C.ontinuiny  the  calculations  for  the  remaininit  resistois  rices 


MIN. 
( in.  - 1 

ART  A 
( mm  - 1 

i 

o.ool 

(2.580 ) 

0.0  10 

(0.152) 

0.010 

(0.452) 

0.  004 

( 2 . 580  ) 

0.  00  2 

( 1 . 200  ) 

The  minimum  width 
Min.  Width 


required  to  avoid  hot-spots  needs  to  be  determ 


/ (Min. 

Areal  ('Min.  Rstv.l(l3  ) 

y 

final  Value 

Us  inn  samplej_ 

-i/ro.004  in.“i  rso  n/D 
Min.  Width  = U- — ('27oirn  T 

Mil.  Area 

The  minimum  length  is  1.  = MTifT  irTTFli 

0.  0 (U  _i  n . " 
fTTT  1 n 0 n 


0.0  100  in.  r('.2‘'7  mm'l 


i n e d 


To  r R 1 : 


I. 


0.50  70  in.  f 0.5  2 2 mm'l 


~.S.J  (Cimt.l  111  i n I'ilm  Ri'sistor  Dcsiun 

KciH'n  t i nj;  t ho  o;i  1 on  1 a t i ons  for  eaoli  resistor  ui'^'s: 


Rl.l-  . 
m S i (', . 


kl 


r:,s 


R1 


R3 


R() 


orilv  ease' for  which  the  calculated  minimum  width 
was  less  than  the  5 mil  (0.127  mm)  minimum  recommended  for 
Kood  yields  in  the  trimming  operation.  (R6  calculated  to 
a 4 mil  (0.102  mm)  width  and  500  mil  (12.70  mm)  lengtii). 
Increase  the  width  to  5 mils.  Now  maintaining  the  ratio 
of  125  between  length  and  width  giv'es  a new  length  of  (i25 
mils  (15.88  mm).  Presuming  that  such  a long  resistor  will 
be  difficult  to  accommodate  witliin  the  substrate  lavout,  a 
serpentine  shape  should  be  designed. 


MIN.  IVlDTll 

hTNCTIl 

in.  1 mm ) 

in.  ( mm ) 

0.0 109(0.2'") 

0. 5()70  (9.5  22) 

0. 0 2 8.5  (0  .'19) 

0.5  55  5 (S.9'1 

('.0  894  ( 2 . 2'  1 ) 

0.  1 1 1 S ( 2 , 8 10  ) 

0.0082(0. 208 ) 

0.4  87  8 (12.590) 

L 1 

1. 1 

rhe  dimeri'^ions  calculated  for  the  resistors  are  tlie  minimum  dimen 
sions  required  to  dissipate  heat.  fhey  arc  the  minimum  dimensions 
re(|uired  after  trimming,  which  means  tliat  tliese  dimensions  appiv  to 
the  resistors  when  they  arc  at  their  final  resistance  values. 

Prior  to  trimming,  the  resistors  arc  at  a lower  value  (in  t li  i s text 
called  "desigti  value").  Refore  designing  tlie  serpentine  shape,  the 
design  value  needs  to  be  determined  because  t li  i s is  tlie  value  of 
the  serpentine  resistor  prior  to  trimming. 


The  design  values  (values  before  trimming)  will  be  calculated  using 
the  method  that  gives  the  exact  final  value  when  maximum  tolerance 
incri'ase  occurs. 


Design  Value 


( 1 i na 1 Va 1 ue  ) 
'1  . 20’  * 


Tor  R1  thi'i  becomes  2.2  50  kQ. 


1 


I 

I 

I 


" . S . J (lAMit.)  I'll  i n I'ilin  Resistor  HesiiiU 

I'iie  desiiMi  values  for  all  the  resistors  are  as  I'ollou-.  : 


Rf.f  . 
Dhsir;. 

DliSlCN 

v.vhiii; 

(fll 

R1 

2 . 2-SOk 

R2,,'. 

0 . 8 Tv'S  k 

R 1 

8 .8  . .8  .8 

R.S 

.8 .910k 

R(> 

8 . a .7  a k 

\0'l  h : To  ealculate  design  values  tlur"  would  remain  U'ss  than 

the  desired  final  value  after  maximum  toleranee 
increase,  a ru 1 e -o f - t humb  method  can  be  used: 

Design  Value  = (final  Valuel  (1  - Rstv.  folerancel 

It  will  be  convenient  in  the  tlesign  of  the  sei']ientine  shaju'  to 
the  numlie  r - o f - squa  I'e  s in  each  resistor.  Dii'iding  the  desiiMi  \ 
hy  the  value  per  sipiare  (i.e.,  nominal  resistivity)  gives  the 
number  of  stjuares  rei|uired. 


Des  i gi^  JVhnue 
R e s i s t i V i t >• 


Number  of  Sipiai'es  Required 


Using  R1  as  a sanqile: 


2 : _fq ) Q 

"Kursf/  a 


J 2 . S sipia  re< 


Ihis  means  that  before  trimming  the  length  of  R1  will  be  eipia  1 
22.. 'i  squares. 


use 

line 


7-100 


7.S.2  (t!ont.)  Thin  l iliii  kcsistoi'  Dcsi.un 

Tho  rema  i n i in;  res  istors  arc: 

Iti,  a = S.aaa  sc|uares 

It  I = 0.833  squares 

R.3  = 39.l()(i  stiuares 

l\(i  = 83.333  squares 

In  a rectanitular  shape,  the  trimming;  can  easily  be  performed  alony 
the  full  len^tli  of  the  resistor.  In  a serpentine  shape  it  would  lie 
vei'y  difficult,  if  not  iiiqiossihle,  to  trim  continuously  tiirouyjiout 
tlie  full  length.  Tlierefore,  if  at  all  possible,  the  trim  liai-  should 
be  on  only  one  leg  of  the  serpentine  resistor.  I'lie  equation 
expressing  the  minimum  required  trimming  length  is; 


(I'inal  value)  - (l-Rstv.  Tolerance)  (Design  value) 

Min.  Trim  Length  = (Min.  Rstv.')  (Min.  Rstv.) 

nVidtlfaTFer  trimi  (Width  before  trimV 


The  derivation  of  the  above  equation  is  given  at  the  end  of  this 


see  t ion. 


Remembering  that  the  width  after  trimming  is  3 mils  (('.12':’  mml  , and 
before  trimming  is  12.5  mils  (0.317  mm),  now  apply  the  formula  to  R(i 
(call  minimum  trimming  length  (L^l: 


( 10,000  Q ) - ( 1 -0.20  ) (8,33 .3  J 

So  11  7^  8 0 0.  /S 

0 . (fOS  Tn.  0.0125~Tn. 


0.347  in.  (8.811  mm ) 


3 I”  mils  is  the  minimum  length  of  trim  liar,  having  a re  s i s t i \- i t \' 
of  80  SI  /□  that  when  trimmed  froii)  a width  of  12.5  mils  to  a width 
of  5 mils  will  raise  its  value  by  3333.33  . This  3333.33  is 
the  amount  the  resistor  wotild  need  to  be  raised  from  its  lowest 
value  of  (i , (i(ib . (lb  (ilue  to  tolerance)  to  the  final  \alue  of  li'.OOOsi. 


^ . S . 2 U'oiit.l  Thin  Film  Resistor  Desij^n 

Assuming  tlint  this  length  is  not  too  long  for  tlie  la\out,  t! 
tiimming  ean  he  aeeomp  1 i shed  on  only  one  leg  o I'  tlie  resistot 

The  one  leg  vvhere  trimming  will  he  performed  looks  tlnis: 


Trimming  cut  approx.  .OOr'wide 


0.0125 


Transition  Segment  — a 
(contains  one  full  and 
two  half-squares) 


0.005" 


1 r 


0.005 


0.005' 


0.3A7"  (Minimum  trim  length  required) 
in  .lb  squares  before  trimming) 

(69.4  squares  after  trimming) 


0.352" 


Metric  Ikpiivalen  t s 
_i  n_._ jnm 

n.dior,  ■ irrrr^ 

U.12.S  0.3  1 

0.317  8.81 

0 . 3 .3  2 8 . 0 I 


igiire  7. 8. 2- 2 TRIM  BAR  DIMFXSinNS 
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1 li  i n 1'  i 1 in  Rr  s i t o r He.'-;  i 


NtVl i : 
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0 St'OOIlll. 

11  i V i 

d o t h 0 

8 1 . 

-iilii.i  1 
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tho  sooond  log 
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"8  tor 

Ibo 

! Ii  1 I II 

llso  O.OO.S"  as 

t ho  K i 

il  t h 0 r 0 

a oh  of 

t h 0 

t KO 

1 0 s . 

1 -iiiii.i  ri's  I 0.00 

.8"  oao 

h = 0 . 

1 20" 

" . 8 si|ua  ri's  t 

0 .008" 

oaoh  = 

0 .18" 

8" 

Mo t r j_c  i V.)  lout 


I n 

O.OOS 
0.0128 
0.  120 
0.  1 578 
0.  1(1  .',8 


0. 127 

0. 

1 . O.'i  8 
1 . '^.0 
‘*.27 


The  trim  out  need  not  be  shown  on  the  design  Layout;  but  suCiioient 
dimension.s  do  need  to  be  shown  to  completely  define  the  resistor. 
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lCoiit.1  I'h  i n I' i 1 III  Rcsistoi'  Ik'sinii 

If  the  resisfivit\-  is  minimum  (SOJi/o  ),  the  trimmini^  eut  will 
he  made  continuous  tlirough  tlie  full  length  ot  tlie  t i' i m bar 
and  tlie  total  number  of  sciuares  will  be  12-1.97,i.  At  SO  /□ 
the  total  resistance  will  be  .Sin.  n the  resist  ivit\' 

wore  maximum  ( 1 20  , the  total  value  before  trimming 

would  be  9000. . Xo  trimming  would  be  i'ec(U  i red  . 

bach  of  the  other  resistors  will  presumabli'  have  rectangular 
shapes.  file  i r design  widths  can  be  calculated  as  tollows; 

Design  Width  = Length 

Xiunl-ier  of  Squ a r e s 

Using  R1  as  a sample: 

Design  Width  = - O.Olb.S”  ( 0 . 1 1 1 mm) 
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Thin  T i ! !!i  Resistor  Design 


N'OTi:-  liaeh  of  the  resistors  meets  the  fahrication  aiul  trimming 
requirements.  for  Rh , the  Min.  Width  is  sliown  as  O.UlM". 
Any  trimming  beyond  this  dimension  should  he  cause  for 
rejection,  since  a potential  hot  spot  would  exist.  The 
trimming  should  be  performed  at  the  1) . Oh  .S"  - wi  tl  t h in  order 
to  achieve  better  yields. 


It  is  acceptable  to  increase  the  dimensions  so  that  1 lie  layout 
lines  will  fall  on  a full-grid  or  half-grid  increment,  provided 
the  value  remains  within  the  acceptable  range.  The  minimum 
width  (to  avoid  hot  spots)  will  not  change. 

lixampl e . If  R4  changes  to  0.1120  in.  (2.8.S7  mm)  length  and 
0.13,0  in.  (3.429  mm)  width,  the  question  is  whether  the  maximum 
resistivity  value  will  give  a total  resistance  within  the  1", 
rotiuired  for  final  value. 

— = 0.8533  squares ; fO  . 8333)  ( 1 20fi/a  ) = 99.999 

Such  a change  in  dimensions  would  be  acceptable.  If  such  a 
maximum  resistivity  did  occur,  no  trimming  would  be  required. 
When  manual  trimming  equipment  is  being  used,  the  elimination 
or  reduction  of  any  trimming  operation  is  significant. 

.Ml  the  prev'ious  trimming  was  used  to  raise  the  resistor  value. 
The  following  sketches  illustrate  how  resistor  designs  can 
incorporate  the  capability  for  raising  or  1 ower i ng  the  resisor 
value  in  incremental  steps. 
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7.8.J  (l!ont.)  Tlii  n Film  Resistor  Dosinn 

as  a funetion  of  its  dimensions  and  its  minimum  resistivity. 
Since  the  minimum  resistivity  and  the  witltlis  (before  and  after 
trimminti)  are  known,  the  equation  liecomes  an  expression  of  tlie 
only  remaining  unknown,  namely  the  required  minimum  lengtii. 

(Trim  bar  value  after  t r imm  i n,;’")  minus  (Trim  bar  value  lu'fore 
trimming)  equals  (Total  value  change  of  resistorl 


Trim  bar  value  after  trimming 


(N'umber  of  sepia  res  after  trim) 
(Min.  Rs  t V . ) 


'Trimming  Lengtl i 
Width  after  trim 


( M i n . R s t V . I 


Trim  bar  value  before  trimming 


(N’umber  of  squares  before  trim) 
(Min.  R s t V . 1 


'Tr  imm  i ng  ben gth 
Width  before  trim 


Rst  V . ) 


Total  value  citange  of  resistor 


(Final  \’alue)  - ( 'I  i n . possible  value 

(Final  Valuel  - (1  Rstv.  lol.) 

(Design  Value) 


Sulis  t i tut  i ng  into  the  original  expression  gives; 


( I'r  i mm  i ng  Length  ) ( Min.  Rstv)  (Trimming  Lengt  h ) (Min.  Rstv.) 
(Width  after  trim)  (Width  lie  fore  trim) 

(I'inal  Value)  - (1-Rstv.  Tol.)  (Design  Value) 


I'actoring  t!ie  left  side  of  tlie  equation  gives: 


; 'f  r i mm  i n g 


Length  ) 


(Min 

(Width 


Its  t y . ) 
a f t e I'  trim) 


_ ( M i n_._  ^sj  V . ) 

(W'idtli  be  foi  e trim) 
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7.8.2  (Cont .)  Thin  I'ilm  Resistor  Design 

Dividing  both  sides  of  the  equation  hy  tlie  expression  in  square 
hraekets  gives: 

r r i mm  i ng  1 eng  t h = (I'inal  V'alue)  - (1-Rstv.  Tol  . ) ( De  sign  I 

(Min.  Rstv.)__  (Min. Rst  v . ) 

TlV  i d t h after  trim  1 ( W i d t h li  e f o r e t r i m ) 

i'he  above  equation  expresses  the  mini  mum  trimming  lengtli  tliat 
must  be  available  to  provide  for  the  maximum  possible  trimming 
re  cm  i rement . If  the  actual  resistivity  turns  out  to  l)e  g reate  i' 
than  its  possible  minimum,  the  required  value  cliange  will  be  less. 
Then  the  trim  bar  need  not  lie  trimmed  for  its  full  lengtii  o i'  to 
its  mini  mum  width. 


L 


7.0  riircK  rri.M  Miii/ni.AYfiR  substrati;s 


'I'lieii.'  arc  two  common  configurations  of  thick  lilm  multilax’cr  siil' 
strates;  tlic  dimensional  constraints  witliin  those  two  basic  types 
varv  to  suit  tiic  materials,  equi[iment,  and  tcchnic|ucs  beiny 
enu)  1 oyed  . 

■fhe  two  basic  configurations  are  "dielectric  ci'oss-over  bridyes" 
and  "continuous  dielectric  multilayer." 

"Cross-overs  bridges"  are  isolated  patches  of  dielectric  material 
The  conductor  tracks  printed  on  top  of  these  bridges  make  contact 
with  first-level  tracks  by  overflowing  the  edges  of  the  dielectric 
patches.  This  cross-over  configuration  is  usually  limited  to  two 
lev'els  of  conductors.  The  "continuous  dielectric"  is  a complete 
layer  of  dielectric  material,  and  the  interlevel  connections  arc 
made  through  holes  (called  "vias")  in  the  dielectric  la\'ers.  The 
number  of  levels  available  has  no  inherent  limit;  it  is  limited 
onlv  by  the  processing  variables. 

The  following  sections  (7.9.1  and  7.9.2)  will  not  deline  spec  i lie 
dimensional  limits.  They  will  de[>ict  various  details  ui  the  t\.o 
types  of  thick  film  multi  layci's  and  will  call  attention  to  tluu;e 
dimensions  that  neetl  to  be  sj^ecified  by  the  ma  nu  1 ac  t u r i ng  yrouu 
that  will  fabricate  the  substrates. 

Remind_cr:  Fiach  application  of  ailditional  paste  mateiial  {eitlu-r 

coiuluctivc,  resistive,  or  dielectric)  is  accomji  1 i slu'd  with  sidise 
(pient  screen  m.'isks.  Alignment  targets  shouki  lie  iirovidetl  on  each 
artwork  for  accurate  reg  i s t I'a  t i on  . 
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7 . !> . 1 (Cont.)  Multilayer  Substrates  Using  Dielectric  (,'ross 

Over  Bridges 


7.9.2  Multilayer  Substrates  Using  Continuous  Dielectric  l.ayei's 

continuous  dielectric  layer  is  an  uninterrupted  plane  of  di- 
electric material.  The  first  layer  to  be  applied  on  the  bare 
cer.amic  is  always  a conductor  (metallization)  layer,  the  configu- 
ration can  be  either  a pattern  of  tracks  or  a continuous  jilane. 
The  continuous  dielectric  layer  is  applied  over  the  conductor  lay 
.Another  conductor  layer  goes  on  top  of  the  dielectric.  This 
alternating  sequence  can  be  repeated  to  create  several  layers  of 
conductor  tracks,  each  one  separated  by  a dielectric  layer.  Con- 
ductors on  separate  layers  are  interconnected  tlirougli  small  lioles 
in  the  dielectric  layer.  These  holes  are  called  "vias." 

The  ove rf  1 ow- conduct 0 r techni((ue  (as  shown  in  Section  7.9.1)  can 
be  used  with  continuous  dielectric  layers,  hut  the  size  of  the 
vias  must  be  large,  and  two  vias  cannot  be  in  direct  vertical 
alignment.  The  most  common  technique  is  to  apply  a "via-fill" 


/.y.2  (Cont.)  Multilayer  Substrates  Using  Continuous  Dielc'ctrie 

Layers 

metallization  step  to  the  processing  seuuence.  I'lie  via- fill  stej) 
is  a separate  application  of  conductive  metallization  that  fills 
onlv  the  vias,  thus  bringing  the  level  up  flush  with  the  dielec- 
tric plane.  Using  a separate  via-fill  metallization  improves 
flatness  and  thereby  increases  the  number  of  layers  possible. 

This  method  does,  however,  increase  the  number  of  screen-and- 
fire  processing  steps. 

for  cont i nuous - d i e 1 ect r ic  configurations,  the  dimensions  of  the 
vias  and  mating  conductor  tracks  must  be  specified  to  suit  the 
manu  I actur  i ng  recpi  i rement  s . 


Dielectric 


2nd  Level 
Conductor 


1st  Level 
Conduc  tor 

Via  Kill 
Conductor 


Sub St  rate 


lilled-via  techniciues  have  produced  substrates  having  six  conductor 
layers  ivitli  5 mil  (0.127  mm)  lines  and  7 . .S  mil  (0.190S  mm)  sp.ices. 
However,  such  densities  are  not  recommended  for  high-volume 
p roduc  t ion. 


Level 


Leve 


Multilayer  Substrates  Usine  Continuous  nielectric 


I Cont . ) 


[n  all  multilayer  fabrication,  as  each  layer  is  applied,  maintain- 
ing the  flatness  of  the  top  surface  becomes  increasingly 
difficult.  Lack  of  flatness  sometimes  necessitates  increased 
dimensions  for  both  line  widths  and  spaces.  The  manufacturing 
group  should  specify  the  dimensions  required  for  all  layers. 


It  is  good  practice  to  stagger  the  positons  of  conductor  lines  with 
respect  to  the  vertical  alignment  with  other  lines  on  adjacent  laver 
This  staggering  tends  to  improve  the  flatness  of  each  successive 
layer,  reduces  electrical  cross  - coup  1 i ng , and  reduces  the  chances 
for  interlayer  shorts  through  pin  holes  in  the  dielectric. 


Some  manufacturers  can 
achieve  vertically 
aligned  vias  / 


Staggered  vias 


Vla-Flll  technique  with  vertically 
aligned  vias 


Via-fill  technique  with  staggered  vias 
(this  is  most  common  configuration) 


I 


7.9.2  (Cont.)  Multilayer  Sub.stratc.s  U.sinj’  Continuous  Diclccti’ic 
Lasers 

Intei;ral  resistors  can  he  applied  directly  on  top  of  multiple 
layers.  Resistor  paste  is  available  (from  certain  material  manu- 
facturers) whose  compositon  is  compatible  with  dielectric 
material  used  for  multilayer  fabrication. 

If  a resistor  is  to  be  on  top  of  multiple  layers,  and  the  resis- 
tor is  to  be  laser  trimmed,  there  should  be  no  conductors  direct  Iv 
below  the  area  of  trimming.  There  is  a high  probability  that  the 
laser  energy  will  burn  through  to  lower  layers.  Abrasive  trim- 
ming is  worth  consideration  in  these  circumstances. 

It  is  not  recommended  that  multiple  layers  be  applied  directly 
over  resistors  because  changes  to  the  resistors  will  occur.  ihe 
clianges  arc  caused  primarily  by  the  temperature  of  subsecjuent 
firings.  Changes  can  also  occur  due  to  variations  from  one  lot 
of  paste  to  the  ne.xt  lot.  Only  by  experimenting  with  an  indivitlual 
lot  can  a prediction  be  made  of  subsequent  changes.  So,  while 
multiple  layers  can  be  applied  over  resistors,  this  practice 
cannot  be  recommended  for  production  quantities. 

It  is  often  necessary  (depending  upon  the  processing  requirements) 
that  the  outside  edges  of  each  subsequent  dielectric  laver  be 
inset  from  the  edge  of  the  i)revious  layer.  The  reason  for  the 
setback  of  subsequent  layers  is  that  a slightly  thicker  ”ridge” 
typically  is  formed  around  the  outer  edge  of  the  dielectric  layer, 
fhe  manufacturing  group  should  specify  the  dimensions. 
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Another  configuration  that  has  been  used  to  offset  the  extra 
thickness  of  the  outer  edges  is  to  set  back  only  the  a 1 ternate 
layers.  This  retains  more  usable  area  than  set  back  of  every 
subsequent  layer. 


Only  alternate  layers 


7.9..!  fCont.)  Multilayer  Substrates  Using  Confiruous  Dielectric 
bay e r s 


Slightly  thicker  ridge  typically  forms 
along  edges  of  each  dielectric  layer. 


7.9.^  (Cont. ) Multilayer  Substrates  Using  Continuous  Dielectrie 

I.ayers 

One  particular  multilayer  configuration  is  noteuortliy.  Tlie  I'irst 
two  conductor  layers  are  continuous  planes.  They  will  be  the 
electrical  v'oltage  and  ground  planes.  The  dielectric  hetueen  the 
two  can  be  of  a h i gh  - d i e 1 ec  t r i c material,  thus  creating  a i'iltei' 
capacitance  between  the  two  planes.  The  subsequent  conductor 
layers  are  for  signal  routing. 

Vias  come  up  from 


Note:  Vias  may  be  either  vertically  aligned  (as  shown) 

or  in  a staggered  arrangement. 

fine  major  expenditure  encountered  in  fabricating  multilayer  sub 
strates  is  the  time  required  to  test  the  substrate  for  intertial 
shorts  or  open  circuits.  During  the  layout,  everv  effort  should 
be  made  to  fai'ilitate  the  substrate  checkout. 
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;".io  i.AYouT  lUisrcN  kt;vii;iv 


It  Ikis  provoii  to  ho  vc'ry  uscl'ul,  wlicii  rcniouinc^  ;i  Inhrid  do i '.;n . 
to  rooord  and  later  file  the  design  data.  Besides  providing 
answers  to  man\'  of  the  questions  that  will  arise  latei',  a lahu 
1 a t i nj;  of  the  design  data  can  act  as  a check-off  list  durijig 
the  final  design  review. 

If,  during  the  design  review,  tlie  data  are  recordetl  on  a pre 
printed  form,  tlte  act  of  filling  out  such  a form  constitutes  a 
checkoff  of  pertinent  design  criteria. 

When  the  designer  knows  while  he  is  creating  the  design  that  he 
will  he  responsible  for  providing  answers  to  (luestions  about 
temperature  rise,  maximum  current  and  wattage,  line  and  space 
densitv,  potential  problems  in  fabrication  or  testing,  then  sucli 
knowleilge  usually  acts  as  ;i  yardstick  hy  which  lie  measures  each 
decision  he  makes  dur i ng  the  design.  The  result  is  that 
better  designs  emerge,  requiring  very  little  redesign. 

The  following  form  called  "Hybrid  Circuit  Design  Summaiv  Data" 
is  presented  as  one  example  of  a preprinted  data  sheet. 


7-122 


'.10  (Cont.)  LAYOUT  DESIGN  REVIEW 


HYBRID  CIRCUIT  [)t;SlGN  SlINflARV  DATA 


Ilyl'rUl  N^imc'  LOGJC  AND  Jf T^Uy^IPLEXER  Rcs|)onsihle  llvbriil  liriy.iiiivi' 
I’ai  t Nunlu'i'  l>rartsitian 

Ikito  .'7-5 Ro.sponsihK'  Cirtiiit  Dos iiMii-r 

llvhrid  huKtioM  MULIIPLEXES  THE  CURRENT  THROUGH  THE  DRIVER  BANDS 


I.  I’aokaco  Sizo  I.M"  X 0.600" Hstiiiuted  Weijjlit  

J.  Total  I’owof  Dissipation  2.25  W I’ackajii':  | j BoO 

X.  of  Sniistrato:  Thin  Tilm,  Ntul  t i layor  Th  iok  i i lin. 

Nimihor  of  l.aycrs  4^  Number  of  Resistors  Intey.ral  to 

Substrate  .NONE . Voltage  Plane,  [^j  Ground  I’laiu'. 

■1.  Ivpieal  I i lie- to- 1 ino  spacing  0.010 , Typical  line  width  P-EOp 


Closest  line  to- line  spacing  0.010 

.Snial  lest  1 ine  w idth 

0.010 

IVjX'  Iv'ire  AL  ALY 

. IV  i re 

size  0.001 

'i.  Cower  Re(|u  1 mnent s : Voltages  i-5V 

_H5V 

-15V  , maximum  cun  cut 

in  :iny 

line  or  lead  0.5A  thru  Q1 

ii.  Niinbei  of  package  leads  available 

26 

. (tu.intitv  iiseil 

22 

\Liiiber  of  lest  Points  brought  out  of  package  6 
H.  Niinbei'  ol  Components:  25  Total. 

(.it  Resistors  9 
(hi  Capac i tors  5_ 

(cl  I'r.ins  1 stors  and  Diodes  6 
(dl  Integrated  Circuits  5 
(e)  'lagm-tics  NONE 

If)  Others  (includes  select -at  - test  items)  NONE 
explain  an\-  .int  ic  ipated  fabrication  problimis  NONE 


In,  l.xplain  .me  .iiit  ic  ipated  test  problenis  NONE 


II.  loi  bcbiid.  dissipat  iiig  more  than  three  (a)  watts,  idoiitifv  th.  bottr-t  ^bin 
Igir.iti'i'  tbiii  one  second  sti-.iilv  state  condition)  N/A 

. Istimate  the  hot  sp(U  tempei  atuie  oi  the  hoMesi  chip 

.i1)(>ve  "file  livbrnT  nKHiiftTiii'  surface  tem))eratiire:  ' I 15'’C 
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8.0  ARTWORK  CRITERIA 


The  microcircuit  artworks,  generated  in  conformance  to  tlie  tiesign 
layout,  are  the  patterns  of  the  conductive,  resistive,  and  dielec- 
tric materials  used  to  fabricate  the  substrate.  for  each  substrate 
design,  there  will  usually  be  as  many  artworks  as  tlicre  are 
different  materials  or  different  material  applications  in  the 
fabrication  processes. 

Tlie  enlarged  artwork  should  always  be  created  on  stable  material. 
Sheet  mylar  having  a minimum  thickness  of  0.005  (0.127  mm)  is  al- 
most universally  accepted.  The  mylar  film  can  he  either  clear  or 
frosted . 

The  artwork  should  be  generated  at  the  same  scale  as  tlie  design 
layout.  This  permits  the  layout  to  be  used  as  an  underlay  wli  i 1 e 
the  artwork  is  being  created.  The  most  commonly  used  scale  for 
hvbrids  is  20x.  Many  photo  vendors  can  make  a 20x  reduction  in 
one  camera  shot. 

Artwork  patterns  have  been  generated  by  methods  ranging  from  black 
ink  on  frosted  mylar,  to  computer  controlled  photoplotting  at 
lx  scale.  There  are,  however,  two  common  methods  of  generating, 
hvbrid  artworks.  One  is  to  manually  apply  tape  onto  sheet  mvlar. 
I'hc  other  is  to  cut  and  peel  pro- 1 am  i nated  polyester  masking  film, 
(file  masking  film  is  commonly  called  "Rubylith",  although  Rulivlitli 
is  actually  the  trade  name  of  one  particular  brand.)  Die  cutting 
can  lie  performed  manually  or  by  the  use  of  a pi'ccision  coordinato- 
graph,  the  accuracy  of  which  i s ^ 0.001.  The  choice  of  one  of 

the  two  methods  is  dependent  on  the  accuracy  rc(|uired.  ( If  tiie 
artwork  is  created  at  20x  scale,  any  inaccuracies  are  reduced  bv 
a factor  of  20  at  the  Ix  scale.)  If  each  layout  I ine  is  on  an 
exact  grid  position,  tape  can  bo  manually  placed  to  match  the 
precision  grid  lines.  The  layout  itself  can  be  tlrawn  directli'  on 
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8.0  (Cont.)  ARTWORK  CRTHiRlA 

such  a niocision  j>iid  oi'  one  can  be  placed  under  the  layout  while- 
the  artwork  is  being  created. 

[•'or  manual  taping,  red  vinyl  tape  is  recommended  which  can  be  pur- 
chased precut  to  widths  having  a tolerance  of  ^ 0.003"  (0.07()2  mm). 
Presuming  20x  scale  for  the  original  artwork,  0.003"  variation 
becomes  0.00015"  (0.0038  1 mm)  variation  at  lx  scale.  I'his  same 
red  vinyl  tape  can  be  used  to  make  changes  or  corrections  to  art- 
work created  on  cut  and  peel  masking  film.  The  coo rd  i na tog ra ph 
cutting  tip  can  also  cut  through  the  vinyl  tape  producing  a 
sharply  defined  edge. 

Tlie  black  crepe  tape  often  used  for  printed  circuit  artwork  is  not 
recommended.  Compared  to  the  vinyl  tape,  the  edge  of  tlie  crepe 
tape  is  more  ragged;  and  more  importantly,  the  crepe  tape  is  sul'- 
ject  to  movement  on  the  surface  of  the  mylar.  I’his  movement  mav 
occur  if  the  crepe  tape  is  inadvertently  stretched  while  being 
applied  to  the  mylar.  The  adhesion  to  the  mylar  surf.-ice  is  under 
constant  stress  due  to  the  tendency  of  the  crepe  tape  to  spring 
back  after  having  been  stretched. 

In  every  case,  where  more  than  one  artwork  is  rciiuired  for  one 
substrate,  there  is  an  alignment  relationship  between  the  various 
artworks.  Wherever  possible,  each  artwork  should  contain  align 
merit  targets  which  correspond  to  targets  on  the  otlier  artworks. 

Such  marks  facilitate  the  proper  alignment  of  the  patterns  to  eacii 
other.  It  is  convenient  to  have  the  alignment  marks  within  t lu' 
substrate  area,  since  the  marks  will  then  appear  on  the  phvsical 
part,  and  can  be  usel  as  visual  inspection  points  to  clieck  the 
alignment.  However  when  space  docs  not  allow  the  marks  to 
be  within  the  substrate  area,  they  should  be  placed  in  the 
border  area  of  the  films. 
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8.0  u:ont.)  ARl'WORK  CRITFRIA 

Tn  thin  film  processing,  the  lx  working  film  or  glass  is  used 
repeatedly  to  expose  the  image  on  the  substrate.  Such  repeated 
use  increases  the  chances  for  the  working  image  to  become  scratched, 
or  damaged  in  other  ways.  It  is  too  expensiv^e  to  recreate  working 
films  by  making  a 20x  reduction  for  each  one.  A lx  scale  glass 
master  is  often  generated  from  the  original  20x  artwork.  The 
working  films  arc  generated  by  making  contacts  prints  from  the 
glass  master. 

The  term  "field"  refers  to  the  background  of  the  image.  hither 
the  1 ield  or  the  actual  pattern  is  opaque  while  the  otiier  is 
clear.  The  terms  "clear  field"  or  "dark  field"  arc  commonly 
used  to  describe  the  artwork  or  film.  The  "reading"  of  tlic 
j film  refers  to  whether  the  image  is  right  reading  thr^igh  the 

I , , 

I film  material,  (i.e.,  the  base);  or  whether  the  image  is  riglit 

I reading  when  viewing  the  emulsion  side  of  the  film.  Tlie  expres- 

sions "right  - reading  base"  and  "right-reading  emulsion"  arc 
commonly  used. 

The  glass  master  must  be  of  the  opposite  field  and  ojiposite  reaii- 
ing  from  the  working  film  if  the  working  film  has  a negative 
emulsion.  If  pos  i t i vc- emul  s i on  film  is  used  tiie  glass  master  must 
have  the  same  field  but  will  still  be  opposite  reading  from 
the  work) ng  film. 

In  Sections  8.1  and  8.2,  particular  rcc)ui  rcments  for  thin  ami  thick 
film  artworks  arc  delineated,  with  emphasis  on  the  most  imiioitant 
I function  of  tlie  artwork  fi.e.,  its  use  in  fabrication).  Tiie  use 

j in  falirication  dictates  tlie  various  requirements. 
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8.1  THIN  riLM  ARTWORK 

The  artworks  described  in  this  section  are  divided  into  two 
catenories;  artwork  for  pattern  plating  fabrication,  and  artwork 
for  panel  plating  fabrication. 

ARTWORK  rOR  PATTERN- PLATING  FABRICATION 

In  the  pat te rn- p 1 a t ing  fabrication  technique,  a continuous  layer 

of  resistor  material  is  deposited  to  the  full  thickness  required 
o 

(;tjl()0  to  75U  A,  depenaing  on  resistivity  desired).  Next,  a 
layer  of  gold  is  deposited  on  top  of  the  resistor  material  Just 
thick  enough  to  make  the  top  surface  electrically  conductive 
( - 1500,  A). 


Photoresist  is  next  applied  over  the  entire  surface.  ilie  conduc- 
tor pattern  is  exposed  and  developed  in  the  photoresist.  The 
developing  process  exposes  the  thin  gold  in  the  conductor  areas 
onl\'.  Within  the  exposed  areas,  gold  is  plateti  to  tlie  desired 
tliickncss,  .1  mil  (.00254  mm).  The  Ix-scale  film  or  glass  used  to 
create  the  conductor  pattern  must  be  r i ght - read i ng  base  (i.e., 
right  reading  with  the  emulsion  on  the  far  side)  because  the  omul 
sion  must  make  contact  with  the  jihotores  i st  . (In  some  mask- 
alignment  ecpiipment  no  contact  is  made,  but  the  emulsion  on  t lie 
mask  should  still  be  close  to  the  photoresist.)  Ihe  image  can 
be  a clear  or  dark  field  depending  on  whet  lie  r the  photoresist  i 
negative  or  positive. 
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8.1  (Cont.)  THIN  FILM  ARTWORK 


Photoresist  protects 
resistor  pattern  from 
etcliant . 


Continuous  Laver 
of  Resistor 
Material 


Gold  plated  ci'nductor 
pattern  over  continuiuis 
layer  of  resistor  material 


Pliotoresist  overlap  and 
extra  width  of  conductor 
pads  make  alignment  easier. 


The  layer  of  resistor  material  is  next  etched  away,  except  where 
the  sold  and  photoresist  prevent  etchant  contact.  The  last  step 
is  to  remove  the  remaining  photoresist,  thus  exposing  the 
resistor  patterns. 


8.1  (font.)  THIN  TII.M  ARTWORK 

ARTWORK  FOR  PANHL  PLATING  FABRICATION 

In  the  panel -plat ing  fabrication  technique,  a continuous  layer  ol 

resistor  material  is  deposited  on  the  bare  ceramic  sulistratc  to  the 

o 

rc(|uired  final  thickness  (^100  to  750  A,  depending  on  the  resis- 
tivity desired).  Next,  a continuous  layer  of  gold  is  applied  over 
the  resistor  material  to  the  required  final  thickness  (.^:'.10()  u in.). 
The  gold  layer  is  usually  applied  by  vacuum  deposition  sufficiently 
thick  to  make  the  surface  conductive,  then  plated  to  achieve  tlie 
desired  final  thickness. 


Gold,  .1  mil  (.00254  mm) 


Resistor  Material 

(<»100  to  7 50  A 
depending  on 
resistivity  desired) 


Photoresist  is  next  applied  over  the  entire  surface.  \ comjiosite 
image  of  lioth  the  conductor  and  resistor  patterns  is  then  exjiosed 
and  developed  in  the  i)hotorcsist  such  that  the  gold  is  eximsed  onlv 
in  the  aro.'is  betjycen  the  composite  image  (hardened  pliei  ores  ist 
covers  only  the  composite  imtige).  The  working  film  (or  glass)  used 


int’.-liaso  so  that  t lie  I' i 1 m 
■si  St.  (ir  certain  mask 
is  made,  nevertlie  1 ess  the 
le  work  i ni; - f i 1 m may  be 
an  whether  the  nhotoresist 


;er  face 
ors  and 
ot 

lage. 


Cold  exposed  |■let^,7een 
composite  image. 
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8.1  (Cont.1  TinNi  I TI.M  ARTWORK 


Nrxt,  liotli  till'  iMilil  .-11111  resistor  layers  in  the  exposed  areas  are 
etelii'd  down  to  the  h.ii  e eeraiiiie.  (This  is  aceoni’i  1 i shed  with  two 
dilTerent  eteh.nits.)  The  [ihotoresist  eoxering  the  I'omposite  inae.e 
i then  removed.  Within  the  composite  imaj;e  the  sur!’;ice  of  tlie 
■^uhstrate  now  has  the  p.o  1 d over  resistor  material,  and  hare 
cer.iniic  is  exposed  between. 


Bare  ceramic  exposed 
between  composite  image. 


\ new  Layer  oT  photoresist  is  then  applied  over  the  entire  surlace. 
An  imap.e  is  exposed  and  developeil  in  the  photoresi-^t  which  leaves 
the  resistor  areas  exposeil  within  rec  t anpii  1 ;i  r "windows.” 


I 
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THIN  FILM  ARTWORK 


Next  a single  etch  is  performed  tliat  removes  only  tlic  gold  witliiii 
the  H i ndovv  openings  and  leaves  the  resistor  material.  When  tlie 
photoresist  iS  remov'ed,  the  substrate  is  complete  except  for  anv 
trimming  that  might  he  required  for  the  resistors. 


The  final  configurations  looks  thus: 
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8.2  THICK  FILM  ARTWORK 

In  thick  film  technology,  Ix-scale  film  is  not  used  directly  on 
the  substrate.  Instead,  the  film  is  used  to  create  the  desired 
pattern  on  a screen,  which  is  then  used  to  deposit  the  material 
on  the  substrate. 

Since  the  photosensitive  emulsion  on  the  screen  is  almost  always 
a negative  type  (the  emulsion  "hardens"  wherever  light  strikes), 
the  lx  film  should  have  a clear  field  and  be  right  reading  from 
its  emulsion  side.  Figure  8.2-1  shows  the  relationship  of  the 
film  and  the  screen. 

Image  to  be  right  reading 
Screen  frame  from  this  direction 


lx  film 

(emulsion  top  side)  Light  from  this  direction 

exposes  image  on  screen 
emulsion  when  film  is  in 
contact  with  screen 
emul s i on  . 


FIGURF.  8.2-1  RF.LATIONSHIP  OF  FILM  ANO  SCRFF.N 
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8.2  (Cont.l  THICK  FILM  ARTWORK 

It  is  also  desirable  to  have  alignment  marks  within  each  pattern. 
Such  marks  would  appear  in  each  application  of  the  thick  film 
paste  on  the  substrate  and  would  thereby  provide  for  cpiick  visual 
inspection  to  confirm  the  correct  alignment  of  the  patterns  to 
each  other.  Whenever  space  permits,  such  internal  alignment 
marks  should  be  used.  Whenever  multiple  layers  are  applied,  the 
relationship  of  the  vias  in  the  dielectric  layer  and  the  via-fill 
metallization  automatically  provides  such  visual  inspection 
points . 

Since  thick  film  patterns  are  applied  by  squeezing  the  paste 
through  the  patterns  in  the  screens,  there  is  usually  a small 
increase  in  the  width  of  a conductor  line  (comparing  the  size  on 
the  substrate  to  the  size  on  the  film).  This  increase  depends  on 
the  viscosity  of  the  paste  and  the  pressure  applied  by  the 
squeegee.  While  approximately  one  mil  increase  is  typical,  the 
actual  increase  to  be  anticipated  should  be  determined  by  the 
manufacturing  group.  When  10  mil  lines  and  10  mil  spaces  are 
used,  there  is  usually  no  need  to  compensate  for  this  small  in- 
crease when  creating  the  original  artwork.  But  where  narrower 
lines  a. 10  spaces  are  needed,  the  need  to  compensate  in  the  art- 
work should  always  be  discussed  with  the  manufacturing  group. 

With  the  exception  of  the  compensation  that  might  be  required 
for  narrow  lines,  tbe  artworks  for  thick  film  are  created  to 
match  the  layout.  And,  unlike  thin  film  substrates,  the  overlaps 
between  resistors  and  conductors  ^ appear  on  tlie  actual  substrate. 
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8.2  (Cont.)  THICK  (■  I LM  ARTWORK 

The  ea?iest  way  to  create  the  lx  mask  from  the  original  20x  art- 
work is  to  make  a 20x  reduction  with  one  camera  shot.  When  the 
20x  artwork  is  generated  by  the  cut-and-peel  method  the  field  is 
typically  dark  because  it  is  much  easier  to  peel  the  image  area 
than  the  much  larger  field  area.  The  high  resolution  film 
typically  used  for  the  lx  mask  can  be  processed  to  make  the  image 
either  dark  or  light.  When  the  20x  artwork  is  generated  by 
applying  tape  to  mylar,  the  field  is  light  but  again  the  lx  film 
can  be  processed  to  give  either  light  or  dark  field. 

Kach  pattern  to  be  applied  to  the  substrate  requires  a separate 
screen.  Each  screen  within  the  set  of  screens  for  one  substrate, 
should  have  its  pattern  located  within  the  screen  such  that  the 
pattern  aligns  to  the  others  of  the  set.  Without  a predetermined 
location  of  the  pattern  within  the  screen,  each  screen,  after 
being  installed  into  the  printer  must  be  aligned  individually. 

This  alignment  within  the  machine  can  be  very  time  consuming. 

One  easily  implemented  method  of  obtaining  alignment  from  one 
screen  pattern  to  another  is  to  set  up  a fixture  that  locates  cacli 
screen  frame  to  a set  of  alignment  marks  within  the  fixture  and  to 
them  locate  each  lx  film  pattern  to  these  same  alignment  marks, 
using  corresponding  alignment  marks  in  the  film. 

These  corresponding  alignment  targets  in  the  film  siiould  be 
outside  the  actual  pattern  (i.e.,  should  be  in  the  border  area  of 
the  film).  The  location  of  these  targets  should  be  outside  the 
area  of  the  largest  pattern  that  can  be  anticipated,  in  order  that 
the  one  fixture  can  be  used  universally.  Of  course,  tiie  targets 
will  appear  in  the  screen  since  the  total  film  image  is  created 
in  the  screen,  but  these  can  easily  be  blocked  out. 


i 
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8.3  STHP-AND-REPIiAT  CRITERIA 

Whenever  multiple  images  (usually  arranged  in  rows  and  columns) 
of  the  same  artwork  are  created  on  one  film,  the  image  is  said 
to  be  "step  and  repeated." 

Such  a step-and- repeated  image  is  most  commonly  used  to  fabricate 
many  substrates  simultaneously  out  of  one  larger  piece  of  ceramic. 
(The  larger  piece  is  later  broken  into  separate  pieces.) 

Tlie  step- and- repeat  "cameras,"  used  to  create  a multiple  image 
pattern,  are  easily  capable  of  maintaining  tolerances  of  ^ 0 . .3 
mils  (0.127  mm)  between  images.  Some  can  hold  + 0.1  mil  (0.02.34 
mm).  Whenever  ^ 0.1  mil  is  required,  the  step-and- repea  led  image 
should  be  on  glass,  not  on  film. 

Since  tlie  large  ceramic  will  be  broken  into  individual  pieces,  it 
follows  that  the  center  to  center  distance  between  images  in  the 
film  is  the  same  as  the  size  of  the  individual  pieces. 

When  space  permits,  crop  marks  that  define  the  corners  of  tlie 
individual  piece  can  be  added  to  the  artwork.  These  c.in  be 
utilized  to  quickly  inspect  the  step-and-repeated  pattern  to 
ensure  that  each  image  is  properly  spaced  from  its  neiglibor. 

Ihesc  corner  marks  can  also  serve  as  a guide  for  tlie  scribe  line 
that  will  later  be  cut  into  the  surface  of  the  ceramic,  prior 
to  its  being  broken.  Corresponding  corner  marks  can  also  serve 
as  alignment  guides  between  resistor  and  conductor  .artworks. 


Eigures  8.3-1  through  8.3-3  show  examples  of  corner  crop  m.irks. 
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STEP- AND- REPEAT  CRITERIA 


Border  between  image 
and  edge  of  substrate 


Artwork  Image 


Substrate  size 
also 

Step-and -Repeat 
distance 


Substrate  size 
also 

Step-and  Repeat 
distance 


Fi,?ure  8.3-1  CROP  MARKS  IN  INDIVIDUAL  IMAGE 


Alignment  of  adjacent  notches 
indicates  both  horizontal 
and  vertical  alignment 
between  adjacent  images. 


Shound  be  minimum  length 
because  scribe  tool  tends 
to  slide  over  gold  as 
compared  to  cutting  into 
ceramic . 


"V"  groove  is  guide 
for  scribe  line. 


l•iRllro  8.3-2  ENLARGED  VIEW  OF  ADJACENT  CROP  MARKS 
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(Cont.)  STHP-AND-REPEAT  CRITERIA 
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Step -and -Repeat 
Dimension 


Step-and- 

Repeat 

Dimension 


a 


I 

I 


o 


Fjgiire  8.3-3  STEP-AND-REPEATED  IMAGES 


8.4  INSPliCTION  CRITHRIA  FOR  lx  ARTWORK 

The  I'ollowin”  is  a listing  of  inspection  criteria  for  lx  film 
o I'  glass. 

The  degree  of  perfection  required  for  each  of  the  criteria  depends 

on  the  content  of  the  artwork  (narrow  or  wide  lines  and  spaces), 

the  end  use  of  the  film,  (thin  film  substrates  or  thick  film  screens), 

and  the  equipment  that  will  be  used  with  the  film  (collimated  or 

non-co 1 1 imated  light).  The  fabrication  group  should  be  consulted  j 

for  specific  numerical  criterion  values  or  for  graphic  examples  of  i 

acceptable  photo  quality.  | 

) 

I 

I 

The  lx  film  or  glass  should  first  be  checked  for  accuracy  of  size.  j 

However,  when  several  films  are  included  in  a set,  the  alignment  of  1 

the  members  of  the  set  to  each  other  is  sometimes  more  important  j 

than  the  actual  size.  A consistent  small  error  can  often  be 
to  I erated . 

Pin  holes  in  the  opaque  emulsion  should  be  cause  for  concern.  Ol 
course,  the  maximum  allowable  size  of  any  pin  hole  depends  on 
where  the  pin  hole  occurs  within  the  image. 

Conversely,  dark  spots  within  the  light  areas  of  the  image  are 
undesirable.  Again,  the  specific  location  determines  the 
maximum  allowable. 

! 

Scratches  in  the  film  have  caused  many  defective  substrates.  This  ’ 

criterion  should  be  checked  periodically  when  the  film  is  being  j 

used  to  fabricate  thin  film  substrates. 

The  resolution  (sharpness  of  edges)  of  the  image  is  a criterion 
for  which  it  is  difficult  to  specify  a numerical  value.  The 
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INSPECTION  CRITERIA  FOR  lx  ARTWORK 


edge  between  a light  area  and  a dark  area  of  an  image  may  appear 
sharply  defined  at  lOx  magnification  but  might  appear  to  be 
blurred  or  fuzzy  at  50x  magnification.  The  criterion  is  usually 
expressed  as  the  amount  of  magnification  required  to  detect  a 
fuzzy  edge. 

The  dark  areas  of  any  image  should  be  truly  opaque  (not  gray) 
when  viewed  with  back  lighting.  The  strength  of  the  back  light- 
ing can  be  specified  as  the  criterion  to  detect  grayness. 
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SECTION  9 DOCUMENTATION  REOUIREMENTS 


The  docun\entat  Lon  for  a hybrid  microcircuit  has  the  primary 
responsibility  of  defining  the  completed  product ^ ass ign i ng  an 
identification  number  to  it,  and  recording  the  history  of  any 
changes  to  the  configuration.  Hybrids  (unlike  more  established 
technologies)  typically  require  more  engineering  control  of  the 
processes  being  used  in  manufacturing.  This  philosophy  is 
intended  to  ensure  high  reliability  and  consistently  high  yields. 
The  control  is  expressed  in  the  engineering  drawings.  Therefore 
hybrid  drawings  exert  a degree  of  control  over  manu factor i ng 
processes  not  usually  seen  on  other  engineering  documentation. 
Even  the  manufacturing  operations  traveler  is  sometimes  created 
by  the  engineering  department. 

Every  engineering  document  should  be  assigned  a number  that  is 
compatible  with  some  standardized  method  of  number  assignment. 
Hybrid  drawings  need  no  specialized  numbering  system.  (This 
includes  multiple  artworks  for  one  substrate.) 

Every  drawing  should  be  subject  to  a standardized  system  of 
controlling  and  recording  any  changes  to  the  configuration. 
Engineering  orders,  drawing  revision  notices  and  any  of  the  usual 
control  documents  should  be  applied  to  hybrid  documentation.  As 
a matter  of  fact  even  more  scrupulous  attent ion  should  be  paid  to 
configuration  and  process  control  because  hybrid  technology, 
being  relatively  new,  is  evolving  more  rapidly  than  more 
established  technologies. 
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9.1  ASSHMBl.Y  DRAWINCS 


The  hybrid  assembly  drawing  is  usually  [but  not  always)  the 
top  assembly  drawing  in  the  hierarchy  of  engineering  documents. 
Sometimes  a specification  control  document  is  created  to  define 
only  the  size,  the  electrical  parameters  and  the  part  number  of 
the  finished  part.  Such  a document  is  usually  created  when  the 
parts  will  be  manufactured  by  a vendor  outside  of  the  user's 
organization.  However  such  a specification  could  be  the  top 
drawing  of  a hierarchy  of  drawings,  in  which  case  the  assembly 
drawing  would  "sub”  into  it. 

A hybrid  assembly  drawing  (like  any  assembly  drawing)  should 
depict  the  completed  part,  specify  the  processes  to  be  used,  and 
should  reference  all  the  other  documents  next  to  it  in  tlie 

hierarchy  of  drawings.  However  some  aspects  of  a hybrid  assembl 
drawing  should  be  pointed  out. 

The  orientation  of  each  semiconductor  should  be  clearlv  defined. 
The  most  complete  definition  would  be  to  depict  the  entire  metal 
lization  pattern  of  the  chip.  This  can  be  done  by  acquiring 
from  the  manufacturer  an  image  of  the  pattern,  suitable  for  phot 
graphing,  then  photographically  creating  the  appropriate  size 
of  the  image  and  stripping  it  into  the  place  on  the  drawing. 

The  entire  drawing  should  then  be  reproduced  into  one  image  in 
order  to  eliminate  the  stripped-in  pieces.  Such  a series  of 
efforts  is  too  expensive,  and  time  consuming.  Tt  further  dic- 
tates that  the  assembly  drawing  cannot  be  completed  until  the 
manufacturer  sends  the  image.  In  most  cases  this  is  intolerable 
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ASSEMBLY  DRAWINGS 


Depicting  tlie  orientation  with  pencil  line  drafting  is  much  more 
desirable,  but  care  must  be  taken  to  be  sure  the  unavoidably 
abbreviated  pencil  drawing  is  truly  definitive.  The  chips  arc 
often  symmetrically  shaped,  and  their  metallization  patterns 
are  too  complex  to  draw  within  the  small  sizej  even  if  more  space 
were  available,  drawing  the  metallization  is  much  too  tedious. 

As  a minimum,  all  terminal  pads  should  be  shown,  even  if  some 
are  not  wired.  If  the  terminals  are  arranged  in  an  obviously 
nonsymmetr i cal  pattern,  then  showing  this  nonsymmetr ica 1 arrange- 
ment can  suffice  to  clarify  the  orientation.  When  the  terminal 
arrangement  is  not  sufficient,  then  one  noticeable  feature  in 
the  metallization  pattern  should  be  depicted. 

The  number  of  one  or  more  terminal  pads  should  be  shown  in  order 
to  relate  the  assembly  directly  to  the  schematic.  This  numbering 
alone  has  sometimes  been  used  as  the  only  orientation  for  the 
chip.  It  does  in  fact  indicate  where  each  terminal  should  be, 
but  what  it  does  not  do  is  tell  the  operator  how  to  identify 
each  terminal . 

An  additonal  consideration  is  that  sometimes  alternative  chips 
may  be  acceptable  as  substitutes  for  the  preferred  ones.  In  such 
a case  the  orientation  of  the  substitute  chip  should  be  made  clear. 
This  can  be  done  by  drawing  a separate  detail  that  shows  the 
alternative  chip  substituted  for  the  preferred  one. 

It  is  definitely  preferred  that  the  patterns  on  tlie  substrate  be 
depicted  so  that  there  is  an  obvious  distinction  between  conduc- 
tor tracks  and  the  spaces  between.  This  is  particularly  important 
for  clarifying  the  wire  bonding  points  on  the  substrate. 
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9.1  (Cont.)  ASSl-MBLY  DRAWINGS 


Pencil  line  drawing  is  usually  not  well  suited  to  fulfill  this 
criterion.  A lialf-tone  image  (created  from  the  original 
artwork)  is  lar  more  distinguishable.  As  an  example  of  the 
difference,  in  clarity  between  a line  drawing  and  a half-tone 
image,  compare  Figure  9.1-1  to  the  image  of  circuit  No.  2 in 
Section  1.8  (P.  1-43).  Figure  9.1-1  fs  a line  drawing  tracing 
of  the  lower  right  corner  of  circuit  No.  2. 


Figure  9.1-1  EXAMPLE  OF  A LINE  DRAWING  FOR  A HYBRID  ASSEMBI.Y 
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PARTS  LISTS 


Hybrid  parts  lists  are  very  similar  to  parts  lists  used  for  other 
electronic  parts  and  assemblies  with  only  a few  unique  require- 
ments. Many  different  manufacturers  make  semiconductor  devices 
that  conform  to  the  electrical  and  physical  parameters  of 
military  and  industrial  specifications  but  each  manufacturer's 
chip  (inside  the  package)  may  have  a different  configuration. 

The  callout  of  a semiconductor  device  should  make  it  clear  that 
only  the  chip  is  required;  not  a completely  packaged  transistor, 
diode,  or  integrated  circuit.  Using  only  the  common  "2N"  or  "l.\" 
numbers  for  transistor  and  diode  chips  has  been  done  in  the  past 
w'ith  resultant  confusion.  These  numbers,  used  without  modifying 
e.xplanat  ions , designate  the  complete  assembly  of  chip  and 
package.  It  should  also  be  made  clear  whether  or  not  the  chip 
must  have  gold  on  the  back  side. 

Because  semiconductor  manufacturers  have  been  known  to  change 
the  locations  of  terminals  on  an  1C  chip  without  changing  tl\e 
chip's  part  number,  it  is  a good  idea  to  verify  the  terminal 
positions  of  any  IC  chip  before  releasing  the  parts  list  for 
purchasing.  If  the  chip  metallization  can  be  specified,  this 
information  should  be  included. 

In  specifying  the  material  for  substrates  it  is  important  to 
indicate  the  degree  of  purity  required  and  the  amount  of  camber 
acceptable . 

Thin  film  resistor  and  conductor  materials  arc  typically  not 
called  out  on  the  parts  list.  These  materials  arc  usually  not 
purchased  for  a unique  substrate  but  rather  are  purchased  a.  hulk 
material.  It  is  the  process  control  specification  that  defines 
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9.2  (Cent.)  PARTS  LISTS 

the  rci|u  i rement s for  the  material  beinj’  used.  fThe  same  way 
that  material  would  be  specified  for  use  in  a plat  ini',  tank.) 

The  substrate  drawing  typically  specifics  the  basic  type  of 
material  and  also  references  the  process  control  specification. 

Thick  film  materials  should  be  specified  on  the  substrate  parts 
list.  The  specific  i^endor  part  numbers  should  be  sliown.  The 
various  materials  specified  are  known  to  be  compatible  with  each 
other  and  arbi trary  substitutions  arc  not  allowed.  Khcn  specific 
substitutes  are  acceptable  they  should  bo  included.  (Ihis 
applies  to  any  part  on  the  list.) 

When  solder  is  specified  on  a parts  list  the  composition  and  form 
should  be  made  clear.  When  preforms  are  intended  these  tyiiically 
have  specific  part  numbers  so  there  is  usually  no  problem. 
Confusion  has  arisen  when  numbers  such  as  "SNb.'S"  arc  specified. 
The  number  ''SN63"  is  only  part  of  a larger  number  defined  in 
the  military  specification  OQ-S-571.  The  complete  part  number 
indicates  not  only  the  solder  composition  bvit  also  includes  the 
form  of  the  solder  and  the  requirements  for  flux. 
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; 9.5  SlIBSTRATF.  DFIAWINGS 

The  drawint;  of  a substrate  should  define,  as  a minimum,  the  raw 
material  and  the  size  of  the  substrate,  the  relationship  of  the 
artwork  patterns  to  each  other  and  to  the  substrate,  tlie 
materials  used  for  each  film  pattern,  the  processes  to  be  used 
in  f abr  ica t ion . 

t 

i 

1 

j Many  document  control  systems,  especially  computerized  data 

[ control  systems,  create  a separate  parts  list  for  tlie  substrate 

detail.  Whether  on  a separate  parts  list  or  integral  with  the 
substrate  drawing,  the  material  and  size  should  he  specified  with 
tolerances.  The  percentage  of  purity  of  the  ceramic  should  lie 
indicated.  If  the  substrate  is  to  be  purchased  as  a v^endor  part, 
the  vendor's  part  number  should  be  indicated  along  with  the 
dimensions.  (Alternate  vendors  and  their  parts  numbers  sliould  be 
included.)  The  allowable  amount  of  camber  should  be  specified. 

One  area  of  drafting  conventions  has  caused  some  confusion  in  the 
past.  Confusion  comes  about  because  the  usual  sequences  of  assembly 
buildup  is  reversed  for  scr ibe-and-break  substrates.  The  usual 
assembly  buildup  is  that  smaller  parts  are  combined  w'ith  other 
parts  to  make  up  a larger  assembly.  The  usual  drafting  practices 
are  suited  to  this  sequence.  The  usual  convention  indicates  by  a 
matrix  of  rows  and  columns,  tne  quantities  of  smaller  parts 
required  to  create  larger  assemblies.  (i.e.,  The  system  can  only 
indicate  several  parts  being  combined  into  one  larger  part;  it 
cannot  show  one  part  being  made  into  several  smaller  ones.) 

When  a substrate  is  made  as  one  large  piece  then  broken  into 
several  smaller  ones,  this  reverses  the  usual  seciuence  and  the 
standard  drafting  conventions  arc  not  adequate  for  indicating 
i this  reversed  sequence. 
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9.3  ( Cont . ) SUBSTRATl';  DRAW  I NCS 


One  way  to  avoid  cot'usion  is  to  create  two  drawinys,  one  show  ini’ 
the  fabrication  of  the  larger  mul t iple- image  substrate,  and  the 
other  showing  the  finished  smaller  substrate  but  indicating  tliat 
it  is  to  be  made  from  the  other  part.  This  method  has  the  dis- 
advantage of  requiring  an  additional  drawing. 

Sometimes  the  question  has  been  resolved  by  following  the 
philosophy  that  the  drawings  need  only  define  tlie  finislied  product 
and  that  the  manufacturing  group  has  the  option  of  clioosing  the 
fabrication  methods.  In  this  method  the  substrate  drawing  ignores 
the  fact  that  the  substrate  is  fabricated  through  an  interim 
configuration.  This  interim  stage  is  not  r’^'^'ined  and  no  identifi- 
cation number  is  assigned  to  it.  This  p’  'phy>  while  fulfill- 

ing the  primary  goal  of  engineering  docum..-i.  tion,  goes  against 
the  grain  when  engineering  control  of  the  processes  is  intended. 

A further  disadvantage  could  result  if  the  substrate  drawing 
depicts  a single  substrate  but  multiple  images  appear  in  the  lx 
scale  master  pattern.  Tlie  difference  might  cause  confusion. 

Another  way  to  resolve  the  questions  is  to  show  only  the  finislied 
part  on  the  substrate  drawing,  and  to  follow  the  usual  method  of 
assigning,  on  the  parts  list,  a dash  number  to  each  fabricated 
par t . 

The  parts  list  would  then  show  an  assembly  buildup  of  the  larger 
part  being  "subbed"  into  the  finished  part.  However,  no  indi- 
cation is  given  of  the  quantity  of  larger  parts  reciuired  for 
the  smaller  part;  a symbol  is  used  instead.  Ibis  symbol  is  a 
cross  reference  to  a note  that  explains  in  clear  language  that  a 
certain  quantity  of  the  finished  parts  is  to  be  made  from  the 
larger  part.  (Of  course,  each  part  would  be  referred  to  by  the 
appropriate  dash  number  or  item  number.) 
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A dolitMto  sul\jci.t  often  arises  when  complete  documentation  is 
intended:  the  cpiestion  of  the  proprietary  nature  of  manv  com[)an\- 

developed  [nocesses.  Many  more  of  these  projir  i eta  i-y  processes 
are  involved  in  the  substrate  fabrication  than  in  the  suhsc(|uent 
assembly  ])rocesses.  The  substrate  drawing  need  not  spec  i f i ca  1 1 \' 
detine  each  process.  fThis  would  be  a gross  i ne  f f i c i enc\’  if 
repeated  on  each  substrate  drawing.)  The  substrate  drawing  can 
reference  the  separate  controlling  document  for  each  jirocess  or 
it  can  reference  only  the  manufacturing  operations  traveler,  which 
will  in  turn  reference  each  process  control  document  and  the 
sequence  in  which  they  are  to  be  applied.  The  process  control 
documents  can  be  classified  as  conqKHiy  proprietary.  This  pro  '' 
prietary  status  is  respected  by  military  procurement  .ag.encies,  i I’ 
the  ajipropriate  indication  of  this  status  is  shown  as  defineil  in 
MIL-STU-lOn.  ( MI  1,- STD- 1 00  dictates  that  whenever  a j)  rop  r i et  a r >■ 
document  is  referenced  on  another  document,  that  status  must  be 
so  indicated.  One  note  is  sufficient  to  indicate  this  status 
for  many  such  documents  referenced  on  one  drawing.) 

fhe  substrate  drawing  must  make  clear  tlie  proper  orientation  of 
the  film  patterns  to  each  other  and  to  the  substrate.  In  most 
cases  this  can  be  sat  isfactor  ilv  accomit  1 i shed  Iiy  depicting  the 
conductor  and  resistor  patterns  shaded  in  various  ways,  with  the 
bare  ceramic  and  the  dielectric  shown  as  clear  areas  outlined 
by  penc  i 1 1 i nes . 

The  patterns  can  be  photographically  reproduced  in  half  or  full 
tones  from  the  original  artwork.  Half-tone  for  conductors  and 
full -tone  for  resistors  is  most  common.  If  more  than  one  resistor 
paste  is  used  for  a thick  film  substrate,  it  is  convenient  Init  not 
necessary  to  have  each  paste  distinguishable  from  the  others. 
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The  resistor  desistn  data  information  (which  sliould  lie  incliuled  or 
referenced  on  the  drawing)  will  clarify  wliich  paste  is  rccjuired 
for  cacli  resistor.  However,  the  dniwing  must  make  clear  tlie  appro 
priate  artwork  to  be  used  for  each  type  of  paste. 

In  the  case  of  multilayer  substrates,  again  it  is  convenient  but 
usually  unnecessary  to  depict  eacli  separate  layer.  If  alignment 
targets  are  included  in  each  layer,  the  relationship  of  the 
patterns  will  be  obvious,  and  only  the  to]i  layer  need  be  shown 
for  proper  orientation  to  the  ceramic.  Where  alignment  targets 
cannot  be  used,  vias,  via-fili  metallization  patterns,  and 
corresponding  pads  can  usually  provide  sufficient  guides  for 
alignment.  A good  reason  not  to  show  each  layer  is  that  if  stdi- 
seqvient  changes  are  made  to  the  artworks,  the  need  to  change  the 
substrate  drawing  is  minimized. 

A c ross- sect i on  view  of  a portion  of  the  substrate  should  be 
included  to  show  the  sei|uence  of  layers.  This  view  should  indicate 
which  artwork  is  used  for  each  layer.  The  section  view  need  not 
be  dimensionally  precise;  it  can  be  noted  that  the  view  is  intended 
to  show  se(|uence  only  and  that  no  scale  is  intended.  The  note 
should  also  explain  that  vias  and  conductors  shown  in  the  section 
view  do  not  represent  the  exact  locations  on  the  actual  part. 

This  section  view  can  be  almost  universal  for  all  multilaver  sub 
strates.  It  can  be  traced  onto  each  new  drawing,  and  the  top 
layers  adiled  or  deleted  as  required. 

The  distance  from  the  edge  of  the  substrate  to  the  pattern  should 
be  ti  imens  i oned  if  no  alignment  targets  are  available  and  some  of 
the  lavers  occupv  only  a portion  of  the  substrate.  Such  cases 
are  an  exce[ition  to  the  general  sttitement  that  individual  lavers 
usutillv  need,  iiot  be  shown. 


LAYOUTS 


Hoc.iuso  the  l.iyout  is  not  port  of  tlio  set  of  engineer  in;;  documents 
released  tor  manu  t'ac  t u r i ny  , there  are  a vaiietv  oL  attitudes 
about  how  much  control  should  be  maintained  oti  tlie  layout. 

These  attitudes  ranye  I'l'om  treating  it  as  only  a sketch  and 
imposing  no  controls  to  placing  all  the  controls  usual Iv  placed 
on  manufacturing  drawings.  \ compromise  between  these  two 
extremes  has  proven  to  be  useful. 

For  a single  la\’er  >.lesign,  after  the  assembly  tlrawing  lias  been 
created,  that  assembly  drawing  depicts  everything  that  the  layout 
does,  therefore  preservation  and  control  of  the  layout  is  ol'ten 
not  emphas  i zet.i . For  a multilayer  design,  the  assembly  drawinj; 
typically  shows  only  the  top  layer;  the  layout  is  the  only 
document  that  shows  the  interrelation  of  all  the  layers  and  the 
components.  If,  after  the  original  design  has  been  completed, 
subsequent  changes  arc  required  to  a multilayer  substrate,  the 
original  design  layout  is  very  useful. 

Layouts  can  be  placed  under  an  abbreviated  document -cont  ro  1 iilan 
that  provides  safekeeping  and  con f i gurat  ion  control  while  elimi 
nating  the  usual  engineering  orders  and  other  similar  paperwork. 

The  original  layout  should  have  a document  number  that  relates 
to  the  assembly  drawing,  using  the  assembly  drawing  number  with 
a prefix  added,  has  been  effective.  It  should  have  provisions 
for  approval  signatures  and  should  have  the  usual  revision  block 
in  the  upper  right-hand  corner.  After  the  official  set  of 
engineering  drawings  has  been  com|ileted,  the  lavout  can  be  placed 
in  storage  and  filed  numerically. 
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islioncvor  needed,  it  can  be  checked  out  from  stnrai'.e.  ihe  clian^e-^ 
can  be  made  and  a revision  letter  and  date  entered  in  tlie  revision 
block.  At  least  one  approval  signature  should  be  required  for  a 
change,  and  that  signature  could  be  entered  in  the  revision  block. 
No  r..O's  or  similar  foi-ms  need  In'  written  to  authorize  changes  to 
the  layout.  These  authorizing  foriii'^  are  required  I'or  the  offi- 
cial Iv  released  documents.  Since  the  layout  is  not  useil  for  man 
ufacturing,  there  is  seldom  any  need  to  make  prints  of  it.  All 
lavouts  (but  expecially  those  being  stored  for  future  use)  should 
be  created  on  stable  material  to  insure  accuracy. 
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artwork.  The  question  eenters  around  wliieli  one  is  tlic  time 
ina  s t e r . 

Aside  from  tlie  semanties  of  the  word  "master",  tliere  need  not 
be  a problem.  To  make  a distinction  between  tlie  two,  the  niimin'r 
of  each  one  can  have  a different  prefix.  Tacli  is  useful  .md 
should  be  stored  for  safekeeping.  Tither  can  be  treateil  as 
the  official  document.  tihani;e  authorizations  (T.O.'s  or 
chaiute  notices!  should  be  directed  to  tlie  one  selected  as 
oflicial,  thereby  making  all  the  paperwork  consistent.  The 
other  can  be  treated  as  a tool. 

9.0  MARKING  DRAUINCS 

One  common  method  of  marking  a hybrid  is  to  screen  print  the 
universal  portion  of  the  marking  and  to  rubber  stamp  the  vari 
able  iiortion  (i.c,  serial  number,  lot  number,  manufactured  date). 
When  jirinting  or  any  other  method  is  used  ami  that  method  requires 
an  artwork,  the  artwork  can  be  part  of  the  set  of  official  docu 
m e n t N . 

The  marking  artwork  can  have  a document  number  and  can  be  con 
trolled  the  same  as  other  documents  in  the  set.  The  marking 
material  (ink,  paint  or  otherl  can  be  slice  if  ied  on  the  assemblv 
drawing  or  in  a process  control  document. 
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An  ;t  1 tornat  i ve  is  to  verbally  specify,  on  the  assembly  drauinj; 
or  on  a separate  document,  the  size  and  type  of  characters,  as 
well  as  the  material  to  be  used  for  marking. 

9.'  PROGIIRHMI'.NT  CONTROL  DOGIMLNTS 

The  purpose  of  any  procurement  control  document  is  to  specifs’ 
the  parameters  of  a purchased  item,  and/or  the  acceptable 
sources  of  that  item. 

0 oinponents  commonly  used  in  hybrids,  the  one  most  likely 

andidate  for  a specification  control  drawing  or  a source 
ul  drawing  is  the  naked  l.C.  chip.  There  have  been  instances 
in  which  semiconductor  manufacturers  have  changed  the  locations 
of  the  terminal  pads  on  a chip,  without  changing  the  part  number. 
I’urciiasing  such  a part  by  specifying  only  the  vendor  nart  number 
could  result  in  the  parts  being  unusable  in  the  hybrid.  If  there 
is  any  question  about  the  specific  physical  or  electrical  para- 
meters of  a component,  then  a specification  control  ^drawing 
can  be  created  which  should  delineate  each  requirement. 

Transistor  and  diode  chips  rarely  have  a problem  with  terminal 
locations  because  the  diode  has  only  one  terminal  and  the 
transistor  only  two.  The  transistor  chip  can  typically  he 
rotated  to  accommodate  any  wire-bonding  arrangement.  The  diode 
requires  no  particular  orientation. 

9.8  ON-LlNTi  ASSF.MRLY-Al  1)  DRAWrNG.S 

The  official  assembly  drawing  shows  the  rc(|ui  remen  t s for  the 
finished  part,  but  typically  docs  not  contain  sufficient 
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i ns  t ruv' r i on  s for  the  online  operators.  I'or  ttiis  re.ason,  an 
asseinh  I y- a i d drawing  is  often  created  by  the  iiianii  fac  tu  i' i ng 
group . 

The  a s s emh 1 y - a i d should  include  all  i ns t luc t i on s required  by 
the  operators,  along  with  a picture  of  tlio  components  and 
wires.  fhe  picture  is  sometimes  a photograph  of  the  first  unit 
built.  This  method,  however,  means  that  the  on-line  drawing 
cannot  be  created  until  aftei-  the  first  unit  is  built.  If  tlie 
picture  on  the  assembly  drawing  has  sufficient  clarity,  this 
picture  can  1k'  -used  instead  oT  a photograph. 

Whichever  picture  is  used  should  be  at  a scale  close  to  the  magni 
fication  seen  liy  the  operator  when  looking  ttirough  the  micro- 
scope.  If  the  microscope  view  and  the  assembly-aid  jiicture  are 
ecpiivalent  sizes,  this  minimizes  the  need  for  the  operator  to 
make  visual  adjustments  wlien  looking  from  one  to  the  other. 

Such  minimal  adjustment  reduces  errors  and  also  reiiuces  the 
strain  on  the  eyes  of  the  operator. 

If  possible,  the  on-line  drawing  should  show  the  actual  metal 
lization  on  each  semiconductor  chip.  Since  no  pa]ierwork  is 
requiied  to  change  this  drawing,  the  semiconductor  metallization 
images  can  be  pasted  in  the  border  area  of  the  drawing.  One 
image  of  each  type  of  chip  is  usually  sufficient. 


9.9  MULTIl.AYr.R  SUBSTRATK  i:HBCK-niiT  LIST 

liacli  multilayer  sulistrate  needs  to  be  tested  to  determine  that 
theit'  are  no  electrical  shorts  or  open  circuits  below  tlie  dielec- 
tric material  or  within  the  vias.  The  method  of  testing  is  to 
apply  probes  to  various  points  on  the  conductor  tracks  and  then 
check  the  connection  or  lack  of  connection  between  tlie  probe 
points.  The  list  of  such  points  along  with  their  reciuired  inter 
connections  is  called  a "substrate  check-out  list”  in  this  text. 

It  is  not  sufficient  for  the  list  to  show  only  the  points  that 
require  interconnection.  Many  points  need  proof  of  no - connec t ions , 
such  as  the  points  where  two  conductor  tracks  that  cross  arc 
separated  by  only  one  layer  of  dielectric  material.  (Double 
printing  and  firing  of  the  dielectric  is  not  a guarantee  against 
shorts  between  conductor  layers.) 

Before  the  list  can  he  made,  each  probe  point  must  be  assigned  a 
designation  in  order  that  it  can  be  specified  on  the  list.  One 
commonly  used  way  of  making  the  assignment  is  to  take  the  desig- 
nations directly  from  the  schematic.  Each  component  on  the 
schematic  already  has  a designation  and  most  have  distinguishable 
terminals.  Using  this  method,  the  substrate  bonding  pad  for  the 
fifth  terminal  of  the  second  l.C.  chip  would  be  called  112-5;  tlie 
emitter  bonding  pad  for  the  first  transistor  would  be  called  (T1 - 
E;  the  substrate  exit  pad  that  is  to  be  wired  to  package  pin  num- 
ber 27  would  be  called  Pin  27.  For  components  having  undistinguish- 
able  terminals  (such  as  resistors),  the  terminals  would  he  assigned 
arbitrary  numbers. 

A drawing  is  then  needed  to  show  whore  these  designated  points  are 
located  on  the  substrate.  The  assembly  drawing  of  the  hybrid  can 
serve  this  purpose  if  all  the  component  terminal  numbers  arc  shown. 
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liowevor,  uliile  usLiir  the  scliL'inatic  designations  and  tlu'  ass(Miililv 
drawing  makos  it  easy  to  generate  the  olieck-^ut  list,  this  method 
of  assignment  is  not  the  best  suited  to  manually  performing  the 
cheek-out  tests.  Since  the  orientation  and  location  of  the 
[ components  on  t he  suhst  rate  is  rarely  consistent  or  seciuential, 

the  0]'orator  must  randomly  search  the  assembly  drawing  to  find 
the  probe  points.  A seciuential  arrangement  on  the  substrate  would 
make  this  search  much  easier. 

One  method  of  assignment  that  has  been  used  is  not  time  consumin'', 
while  creating  the  list,  yet  does  aid  the  check-out  operator. 

This  method  is  to  assign  all  component  designations  in  a seiuience 
according  to  the  location  on  the  's'ubst  rate ; and  then  to  repeat 
that  assignment  oti  the  schematic.  This  method,  while  improving 
the  check-out  process,  delays  completion  of  the  schematic,  and 
could  delav  completion  of  the  parts  list.  Secondly,  this  still 
would  not  provide  consistent  orientation  of  each  component. 

.Another  method,  better  suited  to  manual  check-out,  is  to  arbi- 
trarily assign  a designation  to  each  probe  point  with  no  regard 
for  components.  Such  an  arbitrary  assignment  if  made  in  a logical 
sequence  is  much  easier  for  the  ojierator  to  follow.  The  drawing 
usei-l  to  define  these  'points  could  be  the  detail  drawing  of  the 
substrate  if  the  point  designations  arc  drawn  on  the  conductor 
pattern  of  the  top  layer. 

Whichever  drawing  is  used  to  define  the  probe  points,  that  draw- 
ing should  be  a half-tone  image  of  the  conductor  track  artwork. 

It  should  not  be  a line-drawing  of  the  artwork  because  on  such 
a line-drawing  it  is  very  difficult  to  distinguish  the  conductor 
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tracks  from  the  spaces  between  them.  (An  exception  to  this  rule 
would  be  sucli  a pattern  as  shown  in  fifpire  7.7-4  in  which  only 
wire  bonding  and  exit  pads  appear  on  the  top  layer.) 

.Vot  every  component  terminal  point  needs  to  he  probed.  If  a 
conductor  track  docs  not  cross  another  conductor  with  only  one 
dielectric  layer  between,  and  also  does  not  need  a via  to  connect 
it  to  another  layer,  it  docs  not  need  to  be  probed.  Sucli  a track 
could  be  on  the  top  layer  onl>-  or  in  an  area  devoid  of  multilayers. 
For  automatic  check-out,  such  distinctions  arc  usually  not  sig- 
nificant; but  for  manual  testing  the  check-out  list  should  be  as 
short  as  possible.  Figure  9.9-1  shows  some  examples  of  jirobc 
point  selections. 

While  it  is  true  that  assigning  sequential  designations  and 
eliminating  unnecessary  probe  points  is  more  time-consuming  while 
creating  the  list,  this  extra  time  should  be  compared  to  the  fact 
that  the  check-out  list  is  only  created  one  time,  but  that  the 
check-out  process  will  be  performed  many  times. 


9-18 


for  reference  in  the  text. 


Figure  9.9-1  F.XAMPl.FS  OF  rROPF.-FOTNT  SFl.liCT I ONS 


9 - 1 9 


9.9  (Cont.)  MULTI  LAYER  SUBSTRATE  CfiliCK-OUT  LIST 


No  probes  are  recmired  at  points  /l\  , /K  , a nd  /^\  . Ihe 

point  labeled  A is  on  a track  that  is  entirely  utia  ssoc  i a t ed 
with  the  ma 1 t i 1 aver  area  of  the  substrate.  Point  /\  is 
not  necessary  because  checking  the  connection  between  (T)  and 
tests  a 1 1 the  vias  in  between  the  two.  Point  would  only 

repeat  the  test  of  one  of  these  vias.  If  no  connection  exists 
between  (1)  and  , the  part  is  rejected  so  it  does  not  niattei' 
which  via  or  track  is  at  fault.  Point  A is  scjiarated  from  (J) 
l)y  two  layers  of  dielectric  so  no  proof  of  isolation  is  required. 
Two  layers  of  dielectric  means  four  separate  pr int - and- f i re  cvcles 
of  dielectric  material  between  and  . This  is  considered 

sufficient  without  proof.  /?\  is  electrically  the  same  point 
a s © so  no  probe  is  required.  If  a break  exists  in  tlie  track 
between  and  (T)  it  can  be  seen  during  visual  inspection. 

The  reauired  tests  arc  between  (T)  and  , (T)  and  ((^  , and 

. The  required  proof  of  isolation  is  between  (I)  and  , 

@ and  (4)  . No  proof  of  isolation  is  required  between  and 

because  they  do  not  cross  each  other.  No  proof  is  requireii 
between  (T)  and  because  they  are  separated  by  two  layers  of 

dielectric,  where  they  cross. 

Figure  9.9-2  shows  examples  of  two  types  of  check-out  list  entiies. 
The  list  should  be  part  of  a mu  1 1 i p 1 e- page  document  that  begins 
with  a cover  page  containing  the  title  block,  revision  block,  and 
approval  signatures;  and  continuation  pages  that  show  the  document 
number,  cross  references  to  any  additional  applicable  drawing.s, 
and  explanations  of  the  purpose  and  procedure  for  performing  the 
tests. 
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Figure  9.9-2  EXAMPLES  OF  c:HECK-OUT  LIST  ENTRIES 

When  substrates  are  tested  using  automatic  check-out  otniipment, 
contact  is  made  to  all  the  probe  points  simultaneously  using  a 
multiple  probn  assembly.  The  probes  are  wired  through  a harries^; 
to  a connector  that  plugs  into  the  check-out  ec|uipment.  I’he 
equipment  compares  one  point  to  every  other  point. 

When  automatic  check-out  is  to  be  used,  another  con  s i (.le  ra  t i on 
needs  to  be  made.  i'he  machine  only  "recognizes"  the  pin  numbers 
of  the  connector  that  plugs  into  the  machine.  i'lte  machine  i ml  i 
cates  errors  using  its  own  pin  numbers  as  des  i g,na  t i ons  . It  iloes 
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not  print-ont  the  designations  assigned  to  the  probe  points  on 
the  substrate.  Either  a cross-reference  list  is  needed  to  relate 
tlie  connector  pin  numbers,  to  the  substrate  points  or  the  connector 
pin  numbers  should  be  used  as  the  designations  for  the  correspond- 
ing probe  points.  Without  some  form  of  cross  reference  the  machine 
"language"  cannot  he  related  to  positions  on  the  substrate. 

When  automatic  equipment  is  used,  only  the  required  connections 
need  appear  on  the  list.  The  list  need  not  indicate  tests  for 
proof  of  isolation  because  the  machine  compares  each  point  to  every 
other  point.  However,  this  does  not  eliminate  the  need  for  a 
probe  to  be  placed  on  each  of  the  "poss ible-probl em- tracks . " 

9.10  PROCESS  CONTROL  SPECIFICATIONS 

Two  types  of  documents  typically  dictate  the  processes  to  be  used 
in  manufacturing.  One  type  is  the  operations  traveler  and  the 
other  is  the  process  specification. 

The  operations  traveler  is  usually  generated  by  the  manu fac t u r i ng 
group,  but  sometimes  the  engineering  group  creates  tliis  document 
and  releases  it  as  one  of  the  set  of  engineering  documents.  Tlie 
traveler  establishes  the  sequence  in  which  the  operations  are  to 
be  performed  and  references  the  appropriate  process  spec  if icat ion 
for  each  operation.  It  has  provisions  for  each  oiierator  or 
inspector  to  sign  after  completing  the  indicated  operation.  It 
al so.,  provides  space  for  failures,  rejects,  and  rework  to  be 
ind ica  ted . 
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An  operations  traveler  accompanies  each  sc  r i a 1 - nuinhe  red  part 
through  all  tlic  assembly  and  testing  processes,  aiul  wlicn  tlie 
part  is  completed  and  accepted,  the  traveler  contains  a histoiv 
of  all  the  activities  associated  with  that  particular  part. 
After  the  part  is  shipped,  the  traveler  should  he  filed  for 
sa  fokeep i ng . 

The  process  specification  documents  define  the  e((ui|unent,  mater 
ials,  and  techniques  to  be  used  in  each  manufacturing  pi’oeess. 
These  documents  arc  the  most  important  ones  created  liy  a hvbi  iil 
manu1  acturer . Because  they  describe  tlie  details  of  eacli  manu 
facturing  process,  they  are  typically  regarded  as  propiietary 
document  s . 
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are  definitions  of  terms  commonly  used  in  micro- 
technol  ogy  . 


j The  following 

electronic 

i- 
1 

I 

TERM 

Angstrom  - Symbol  (A) 
Bal 1 Bond 


Bonding  Pad 
Camber 


D i e 

Die  Attach 
Eutectic 


DEI- IN  IT  ION 

o 

A unit  of  linear  measure.  1 0, 0 0 0 A = 1 
micrometer  . 

A thermocompression  bond  of  a gold  V\ire 
with  a ball  of  gold  on  the  end  of  the 
wire . 

In  a metallized  pattern,  a bonding  pad 
is  the  area  designated  for  bonding  wire 

The  amount  of  warpage  in  a substrate. 
Typically  specified  in  units  of  "mils 
per  inch."  (Mils  of  curvatui'e  per 
inch  of  length . ) 

A semiconductor  chip.  Plural  is  dice. 

The  attachment  of  a semiconductor  die. 

An  alloy  is  eutectic  if  its  component 
materials  are  in  the  proportion  that 
produces  the  lowest  melting  point. 

(80%  gold,  20%  tin  is  the  proportion 
that  has  the  lowest  melting  point  for 
an  alloy  of  these' two  materials.)  The 
melting  temperature  is  also  I'cfcrred  to 
as  the  eutectic  point. 
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Fi  r L nji 

He rmet  ic 
Mybr  i d 


Ink 

Mask 
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TERM 


Attach 


Seal 

A shortened  version  of  the  term 
"hybrid  microcircuit."  A miniatur- 
ized electronic  assembly  involving  an 
insulating  substrate  on  whicti  are 
deposited  conductive,  resistive,  and 
dielectric  patterns  and  to  which 
electronic  components  are  usually 
attached . 

Thick  film  material  in  li(|uid  state. 

Term  used  synonymously  w i t li  the  term 
"paste" . 

The  glass  or  film  containing  the  lx 
scale  pattern  which  will  lie  applied  onto 
a substrate  or  wafer. 

i 


DEFINITI  (IN 

A method  of  attaching  a sem  i conducto  i' 
chip  by  applying  heat  while  scrubbing 
the  chip  onto  the  gold  mounting  pad. 
The  silicon  and  gold  form  a eutectic 
at  the  interface. 

The  process  of  heating  thick  film 
materials  to  cause  the  vehicles  to 
evaporate  and  the  remaining  solid 
particles  to  adhere  to  each  other 
and  to  the  substrate. 

A seal  that  is  gas  tight. 
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lERM 

Micro  inch  - Symbol 
( ill  in. 

Micromotor  - Symbol 
Mil 

Moly-Tab 

Paste 

Pho tores i St 


DEFlNrnON 


A millionth  part  of  an  inch. 


(iunil  millionth  part  of  a meter. 

Equal  to  .OnOOSPl  indies. 

One  thousandth  of  an  inch.  Equal  to 
0.0254  mm. 

A gold-plated  molybdenum  tab  on 
which  a semiconductor  chip  is  some- 
times mounted.  Used  to  provide  heat 
sinking  of  eutectic  attach  and  advantage 
of  solder  attach  to  substrate. 

Synonymous  with  the  term  "ink"  when 
referring  to  thick  film  materials 
which  are  screened  on  substr.ates. 

Thick  film  pastes  ussually  consist  of 
metals,  metal  oxides,  solvents, 
binders  and  c rysta I i zab I e glass  frit. 

rhe  light-sensitive  coating  material 
in  which  a pattern  is  created  in  order 
to  protect  portions  of  a surface  from 
etching  or  plating. 
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TER.M 

Screc'ii  rrintiiij; 


Sc  I ecu  i n 


Spii  r t e 1'  i ng 


Stitch  Rond 


Sub St  rate 


PHI- INITION 

The  process  of  applying  thick  film 
paste  through  a screen  onto  a substrate. 

Same  as  screen  printing. 

A deposition  process  (conducttul  within 
a vacuum  chamber)  in  which  the  matei'ial 
to  be  deposited  is  bombarded  w i t !i  ions 
thereby  knocking  off  molecules  which 
deposit  themselves  onto  other  surfaces. 

A series  of  point-to-point  bonds  made 
with  a continuous  wire. 

The  base  material  (usually  flat)  onto 
whicli  an  electric  circuit  pattern  is 
created.  In  hybrids  it  is  the  ceramic 
base.  The  expression  "metallised 
substrate"  is  often  used  to  distinguish 
the  substrate  with  the  pattern  applied 
from  the  bare  ceramic  substrate. 
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T.C.  Bond 
T . C . R . 

Thermal  Evaporation 

I'hick  I'ilm 

Thin  Pilm 

i'r  i mm  i ng 

111  t rason  ic  Bond 
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l)EF_mXll'>N 

The rmo - comp ress i on  bond.  A method  of 
attaching  a wire  by  applying  lioat  and 
pressure . 

Temperature  t'oe  t' f i c i on  t of  Resistance. 
The  change  in  resistance  per  degree 
of  temperature  change.  Expressed  as 
pa  r t s - per  - 111  i 1 I i on  per  degree  centi- 
grade (ppm/^\!). 

A deposition  process  (conducted  witliin 
a vacuum  chamberl  whereby  the  material 
to  be  deposited  is  heated  to  cause  the 
material  to  vaporize  and  deposit  itself 
onto  other  surfaces. 

The  film  of  conductive,  resistive,  o r 
dielectric  material  deposited  onto  a 
substrate  by  a screening  method. 

The  film  of  conductive,  resistive,  or 
dielectric  material  deposited  onto  a 
substrate  by  a vacuum  deposition  metliod. 

The  process  of  modifying  the  geometi\ 
of  a resistoi'  or  capacitor  in  oi\ler 
to  adjust  the  component's  value. 

The  attachment  of  a wire  liv  applying 
pressure  and  ultrasonic  energv. 
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TERM 


DEE  IN  rn ON 


Via 


Wafer 


Wire  Bond 


Yield 


The  opening  in  an  insulating  layer, 
through  which  electrical  contact  is  made 
to  the  conductive  patterns  above  and 
below  the  insulating  layer. 

The  thin  slice  of  silicon  or  other  base 
material  on  which  multiple  semiconductor 
devices  are  fabricated  simultaneously. 

The  bonded  (deformed)  portion  of  an 
attached  wire.  Often  used  as  a verb 
(i.e.,  to  wire  bond). 

The  percentage  of  acceptable  final  pro- 
ducts compared  to  the  amount  starting 
into  the  manufacturing  cycle.  (If 
out  of  50  parts  starting  into  the  man\i - 
factoring  cycle,  40  pass  final  accept 
ance,  then  the  yield  is  80',’,.) 
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